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ABSTRACT 
This document c o n s t i t u t e s  a po r t ion  of the  f i n a l  r e p o r t  under c o n t r a c t  
NAS 1-6971, Orb i t ing  Experiment f o r  s tudy of Extended Weightlessness,  f o r  the  
Langley Research Center,  Nat ional  Aeronautics and Space Administration, 
Hampton, V i rg in i a .  The fol lowing 6 documents comprise the  t o t a l  r e p o r t :  
NASA CR-66507 
NASA CR-66508 
NASA CR-66509 
NASA CR-66510 
NASA CR-66511 
NASA CR-66512 
Volume I Summary 
Volume I1 System Def in i t i on  
Volume I11 Spacecraf t  Prel iminary Design 
Volume IV Laboratory Tes t  Model 
Volume V Program Plans 
Volume V I  Orbi t ing  Primate Spacecraf t  
Applicat ions 
This  r e p o r t  sunrmarizes the  r e s u l t s  of a d e f i n i t i o n  study of a spacec ra f t  
system t o  suppor t  two primates  i n  unattended, weight less ,  e a r t h - o r b i t a l  f l i g h t  
f o r  extended per iods  of t i m e .  The experiment i s  planned a s  p a r t  of the  Apollo 
Appl ica t ions  Program; the  spacec ra f t  launched a s  a LEM s u b s t i t u t e  on an AAP 
f l i g h t ;  t he  pr imates  recovered by Astronaut EVA on a l a t e r  f l i g h t  and re turned  
t o  e a r t h  i n  r e t r i e v a l  c a n i s t e r s  w i th in  the Command Module. In tens ive  pos t -  
f l i g h t  examination is planned t o  a s c e r t a i n  even s u b t l e  phys io logica l  changes 
i n  the  primates due t o  t h e i r  extended exposure t o  weight lessness .  The s tudy 
inc ludes  d e f i n i t i o n  of mission p r o f i l e  and Apollo Applicat ions Program i n t e r -  
faces ,  prel iminary design of  t he  spacecraf t ,  and planning f o r  subsequent 
phases of  t h e  program. 
. 
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INTRODUCTION 
The Orb i t ing  Experiment f o r  Study of Extended Weightlessness w i l l  s tudy  the  
e f f e c t s  of weight lessness  on two unattended primates, Macaca mula t ta ,  while i n  
e a r t h  o r b i t  f o r  one year .  This  w i l l  be accomplished using an Orb i t ing  Primate 
Spacecraf t  s p e c i f i c a l l y  designed t o  provide l i f e  support  €or  two unres t ra ined  
animals.  The animals w i l l  be instrumented to  provide phys io logica l  and beha- 
v i o r a l  d a t a .  A f t e r  one year i n  o r b i t  the animals w i l l  be re turned  t o  e a r t h  i n  
an Apollo Command Module fo r  pa thologica l  s tud ie s .  The spacec ra f t  w i l l  a l s o  
be instrumented t o  provide long term l i f e  support  experience.  
The purpose of the Laboratory Test  Model is t o  prove under l abora to ry  con- 
d i t i o n s  the  des ign  adequacy of the l i f e  support  equipment proposed f o r  use  i n  
the  Orb i t ing  Primate Spacecraf t .  The Laboratory T e s t  Model w i l l  a l s o  provide 
accu ra t e  s c a l i n g  f a c t o r  d a t a  fo r  oxygen, food and water usage and w i l l  provide 
d a t a  concerning contamination con t ro l  and waste management wi th in  a closed en- 
vironmental  c o n t r o l  system.,  This d a t a  w i l l  be used i n  the f i n a l  s p a c e c r a f t  
des igns .  I n  a d d i t i o n ,  the Laboratory Test  Model w i l l  provide a r e a l i s t i c  t r a i n -  
ing  and behaviora l  environment f o r  two labora tory  animals.  Data gathered from 
the  animals w i l l  be used t o  provide an improved behaviora l  regimen i n  the  space 
experiment and w i l l  provide base l ine  cont ro l  d a t a  f o r  t he  behavior of t hese  
animals i n  a closed environment such as t h a t  proposed f o r  the O r b i t i n g  P r i m a t e  
Spacecraf t  . 
The Laboratory T e s t  Model conta ins  a l l  of the  equipment t h a t  normally i n t e r -  
faces  with t h e  animal dur ing  a c t u a l  space f l i g h t  and conta ins  a l l  of t he  l i f e  
support  equipment requi red  t o  maintain t h e  animals i n  an unin te r rupted  c losed  
environment f o r  one year .  I n  add i t ion ,  the necessary ins t rumenta t ion  and 
record ing  equipment needed t o  provide d a t a  regard ing  the  performance of  t he  
animals and t h e  equipment under t es t  i s  provided. 
The model i s  designed t o  be operated i n  an a i r  condi t ioned l abora to ry  t o  be 
designated by the  NASA. The f i n a l  des ign  and cons t ruc t ion  of the  model w i l l  
be completed i n  time t o  p e r m i t  r e su l t s  of  the closed environment test t o  be 
used i n  the f i n a l  des igns  of the spacecraf t  and i n  experiment planning.  
The fo l lowing  s e c t i o n s  of t h i s  Volume descr ibe  i n  d e t a i l  the  performance 
requirements  f o r  the  Laboratory T e s t  Model, t he  proposed' design,  and cons t ru-  
t i o n  f o r  the  Laboratory T e s t  Model and the  ope ra t iona l  t es t  procedures.  
LABORATORY TEST MODEL REQUIREMENTS 
Func t iona l ly  the  Laboratory T e s t  Model (LTM) and the  Orb i t ing  Primate Space- 
c r a f t  i t s e l f  are i d e n t i c a l .  However, a major ope ra t iona l  d i f f e r e n c e  e x i s t s  
between the  two i n  t h a t  the  Laboratory Test Model i s  constrained t o  ope ra t e  i n  
a one g environment i n  a ground based labora tory  f a c i l i t y .  
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TO meet t h e  b a s i c  test o b j e c t i v e s  l i s t e d  i n  the  In t roduc t ion ,  certain 
engineer ing and experimental  requirements must be m e t  as s p e c i f i e d  i n  t h e  
following subsec t ions  
Engineering Requirements 
Engineering requirements are those necessary to  a s su re  t h a t  the  t es t  hard- I 
ware i s  properly i n s t a l l e d  and func t ions  adequately throughout t he  tes t  per iod .  
The bas ic  engineer ing requirement d i c t a t e s  t h a t  the Laboratory Tes t  Model be 
designed t o  opera te  i n  an a i r  condi t ioned labora tory  fo r  unattended pe r iods  of 
up t o  24 hours.  
a t  l e a s t  one year us ing  equipment designed t o  accommodate supp l i e s  of expenda- 
b l e s  and consumables s u f f i c i e n t  f o r  a one year ope ra t ing  l i fe t ime excluding 
n i t rogen  and oxygen b rea th ing  gases .  Third,  the  Laboratory T e s t  Model must be 
designed t o  allow replacement of key components while the  t e s t  i s  i n  ope ra t ion  
without d i s t u r b i n g  the animal atmosphere beyond the  normal l i m i t s  of ope ra t ion .  
Second, the Laboratory Test  Model must be capable  of ope ra t ing  
Items tha t  w i l l  be designed t o  be replaced are:  
(1) Food p e l l e t  d u s t  f i l t e r  
( 2 )  Main ECS blowers 
( 3 )  Secondary ECS blowers 
( 4 )  Gas analyzer  
(5) Telev is ion  camera 
F ina l ly ,  engineer ing ins t rumenta t ion  must be provided i n  each of  the  sub- 
svstem areas  t o  the ex ten t  necessary t o  eva lua te  l i f e  support  equipment Der- 
formance during the  t e s t  per iod .  These d a t a  w i l l  be monitored and recorded on 
equipment normally found i n  a well-equipped e l e c t r o n i c s  l abora to ry .  
Experimental Requirements 
Experimental requirements are those necessary  t o  a s su re  a q u a n t i t y  and 
q u a l i t y  of d a t a  t h a t  i s  adequate t o  m e e t  the  t es t  o b j e c t i v e s .  The b a s i c  exper-  
imental  requirement d i c t a t e s  t h a t  t h e  Laboratory Test Model 
t o  both t h e  animals must be i d e n t i c a l  t o  t h a t  proposed f o r  the  O r b i t i n g  Primate 
Spacecraf t  throughout the  unin te r rupted  one year  ope ra t ing  per iod .  The Labora- 
t o r y  T e s t  Model m u s t  provide sound i s o l a t i o n  f o r  both animals so t h a t  n e i t h e r  
i s  aware o f  normal l abora to ry  no i se .  Fu r the r ,  measurements must be made of 
l i f e  support environment f a c t o r s  inc luding  animal metabol ic  consumptions of 
oxygen, water, food and the contaminat ion ou tpu t s  of the  animal and h i s  waste 
products .  Detect ion of poss ib l e  contaminat ion c o n s t i t u e n t s  introduced i n t o  
the l i f e  support  system by equipment must be provided. 
environmental atmosphere must be provided along with a system t o  observe and 
equipment exposed 
Sampling of the an imal ' s  
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photograph the  animals without t h e i r  awareness. F i n a l l y ,  GFE behaviora l  t a s k  
c o n t r o l  and monitor ing equipment must be accommodated. 
Complete and d e t a i l e d  Laboratory T e s t  Model requirements  are l i s t e d  i n  
NSL 67-323, ME1 Detail S p e c i f i c a t i o n  Laboratory Tes t  Model For O r b i t i n g  Experi-  
ment For Study of  Extended Weightlessness P ro jec t  . 
LABORATORY TEST MODEL DESCRIPTION 
The Laboratory Test Model i s  a func t iona l  and i n  some areas a phys ica l  
r e p r e s e n t a t i o n  of  t he  spacec ra f t  and i t s  subsystems. I ts  design i s  predica ted  
upon demonstrat ion of performance of c e r t a i n  c r i t i c a l  spacec ra f t  e lements  such 
as environmental  c o n t r o l ,  waste management, feeder ,  waterer, l i f e  c e l l ,  beha- 
v i o r a l  pane l ,  which d i r e c t l y  i n t e r f a c e  wi th  the  pr imates .  These are the  i t e m s  
which c l o s e l y  approximate f i n a l  spacec ra f t  equipment conf igu ra t ions .  Other 
requi red  suppor t  i s  provided by equipments func t iona l ly  equiva len t  t o  the  space- 
c r a f t  coun te rpa r t s  where the  p a r t i c u l a r  funct ions are necessary t o  t h e  Labora- 
t o r y  Test. Where it  is  no t  f e a s i b l e  o r  w i l l  not  con t r ibu te  s i g n i f i c a n t l y  t o  
the  information obta inable  from the  t e s t i n g  to incorpora te  c e r t a i n  spacec ra f t  
subsystem elements i n  the  Laboratory T e s t  Model, these  are omit ted.  Examples 
of equipment i n  t h i s  category are: A t t i t u d e  Control ,  S t ruc tu re  and Mechanical 
Subsystems, water s to rage  and s o l a r  a r r ay .  
Laboratory T e s t  Model Configuration 
The o v e r a l l  conf igura t ion  of the  Laboratory T e s t  Model i s  shown i n  f i g u r e  
1 while t h e  Master End I t e m  Configuration Tree i s  shown i n  f i g u r e  2 .  Figure  
3 shows the  o v e r a l l  r e l a t i o n s h i p  of the  Laboratory T e s t  Model and the  supper' 
t i n g  l abora to ry  f a c i l i t i e s .  A s  r e f l e c t e d  i n  f i g u r e  1, t h e  e n t i r e  con ta ine r  
c 0 n s t i t u t e s . a  pressure  v e s s e l  i n  which the  l i f e  c e l l s  are i n s t a l l e d .  A remo- 
vable  cover'ing and seal a t  one end p e r m i t s  access t o  the  i n t e r i o r  while  s p e c i a l  
sea led  covers  over each feeder  p e r m i t  access  t o  these  u n i t s .  A simulatio 'n of 
t h e  recovery capsule  i s  a l s o  included and i s  shown a t  t h e  top of  t h e  s t r u c t u r e .  
The genera l  conf igu ra t ion  philosophy which was followed w a s  t o  i n s t a l l  t h a t  
equipment e x t e r n a l l y  where poss ib le  which i t  w a s  f e l t  might r e q u i r e  maintenance 
du r ing  the  t e s t i n g  per iod .  This approach was used as a guide b u t  d id  n o t  pre-  
v a i l  where t h e  v a l i d i t y  of the test r e s u l t s  might be compromised. Thus p r i n c i -  
p a l  i t e m s  of equipments such as the  contaminant and c i r c u l a t i n g  f ans ,  feeder  
p e l l e t  d u s t  f i l t e r ,  gas ana lyzer ,  t e l e v i s i o n  cameras a r e  e x t e r n a l l y  loca t ed  
while  u n i t s  such as the  h e a t  exchanger, condenser, c a t a l y t i c  burner ,  r egene ra to r ,  
p re s su re  r e l i e f  va lve ,  purge va lve ,  dump valve and assoc ia ted  duc t ing  are i n t e r -  
n a l l y  i n s t a l l e d .  Viewing of t he  i n t e r i o r  of t h e  s t r u c t u r e  from .the o u t s i d e  i s  
poss ib l e  through sea led  view p o r t s  while the t e l e v i s i n g  of the i n t e r i o r  of  the  
l i f e  c e l l  is accomplished by means of the  e x t e r n a l l y  i n s t a l l e d  t e l e v i s i o n  camera. 
A l i g h t  proof shieldin 'g  i s  provided around the t e l e v i s i o n  camera t o  prevent  
stray l i g h t  from e n t e r i n g  the  l i f e  c e l l .  
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Figure 2.- Laboratory test model master end item configuration tree 
VOL IV 
5 
Z 
4 
8 
P, 
0 
J 
L L  
I 
Z 
0 - 
I- 
4 < z 
0" 
Z - 
d w 
z 
c 
v) w 
I- 
>. 
< 
5 
8 
4 
I- 
m 
.. 
L. H - 
0 
0 
0 a 
w 
.- 
I: 
- 
I * + I  
c h- 00 
y. 2 
L 
c a 
0 
3 
a 
.L 
1= 
cu - 
.. c 
.. 
x - I '  
I !  
I i  
3 
3 
I 
4- 
Y 
0 
c7 
I 
0' .- 
c 
0 - 
e 
2 .- - 
$ 
E 
c 
tu" 
5 
e 
c 
0 
0 n 
0 
-I 
.I- 
I * 
c) 
3 
CD 
E 
ii 
6 VOL IV 
Laboratory Tes t  Model Subsystem Summary 
a d i v e r s i t y  of func t ions  involv ing  equipment con t ro l ,  sequencing and switching,  
d i s p l a y s ,  power and s i g n a l  d i s t r i b u t i o n .  Tab le  5 summarizes these  func t ions .  
I 
The subsystems which form the  Laboratory Test  Model a r e  des igna ted  as f o l -  
lows : 
(1) L i f e  support  
(2) Thermal c o n t r o l  
I 
I . (3) S t r u c t u r e  and mechanical 
I (4) Instrument a t  ion 
( 5 )  Command and con t ro l  
A broad view and summary of  the var ious  subsystem funct ions  and mechaniza- 
~ t i o n s  i s  presented here  while a d e t a i l e d  d iscuss ion  i s  contained i n  a later 
I s e c t i o n .  The o v e r a l l  i n t e r r e l a t i o n s h i p s  between the  var ious  subsystems a r e  
1 
i requi red  by t h e ~ p r i m a t e .  These a r e  summarized i n  t a b l e  1. 
1 h e a t  s ink  f o r  t he  thermal ou tpu t s  of t he  environmental c o n t r o l  subsystem and , fo r  s imula t ion  of  spacec ra f t  thermal loads for enhancement of t e s t i n g  v a l i d i t y .  
1 These func t ions  a r e  summarized i n  t a b l e  2 .  
r e f l e c t e d  i n  f i g u r e  4. 
I 
L i f e  support .  - The L i fe  Support Subsystem provides  the  v i t a l  func t ions  
I 
Thermal c o n t r o l  subsystem. - The Thermal Control Subsystem provides  the  
S t r u c t u r e  and mechanical subsystem. - The S t ruc tu re  and Mechanical Subsytem 
provides  the  e x t e r n a l  support  fo r  the  e n t i r e  Test Model i n  t h e  l abora to ry  as 
w e l l  as the  b a s i c  s t r u c t u r e  of the  model i t s e l f .  It i s  summarized i n  t a b l e  3. 
Ins t rumenta t ion  subsystem. - The Instrumentat ion Subsystem provides  f o r  t he  ' 
1 
monitoring of t he  primates and the  subsystems forming the  Laboratory T e s t  Model. 
The func t ions  are summarized i n  t a b l e  4. 
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TABLE 7.  - LABORATORY TEST MODEL 
Pressure  s h e l l  
Support t a b l e  
Recovery capsu es (2) 
ECU 'and WMU (2) 
Waterer (2)  
Feeder (2)  
L i f e  c e l l s  a d  mechanisms 
Thermal c o n t r o l  and i n s u l a t i o r  
SUMMARY 
Lbs. 
1500 
800 
70 
54 5 
20 
340 
350 
440 
Total  4065 l b s .  
LABORATORY TEST MODEL SUBSYSTEM 
The subsystems descr ibed  i n  t h i s  s ec t ion  r ep resen t  t h e  mechanizations 
deemed necessary  func t ions  t o  e i t h e r  dup l i ca t e  spacec ra f t  equipment o r  t o  
s imula te  s p a c e c r a f t  equipment. I n  a l l  cases  where a d i r e c t  i n t e r f a c e  wi th  
the  p r i m a t e  w a s  involved, t h e  dec i s ion  w a s  made t o  d u p l i c a t e  t h e  space-  
craf t  equipment. 
of equipment should be t e s t e d  and evaluated i n  a cond i t ion  as c l o s e  t o  t h e  
spacec ra f t  con f igu ra t ion  as poss ib l e .  Where only a p a r t i c u l a r  support  
func t ion  w a s  r equ i r ed  and no d i r e c t  primate i n t e r f a c e  w a s  involved,  then  a 
s imula t ion  of t h e  spacec ra f t  equipment func t ion  was deemed adequate .  
l abora tory  ins t rumenta t ion  r eco rde r s ,  e t c . ,  then ord inary  des ign  judgement 
w a s  employed cons ider ing  c o s t  and a v a i l a b i l i t y  of s tandard  equipment. 
This  was based on the fundamental gu ide l ine  t h a t  t h i s  type , 
Where 
, func t ions  f a l l i n g  i n t o  n e i t h e r  of these  ca t egor i e s  were involved, such as 
L i f e  Support 
The primary requirement of L i f e  Support Subsystem i s  t o  provide t h e  
pr imates  w i t h  environmental  support  which w i l l  permit unres t ra ined  and 
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monitored a c t i v i t y  over a one year per iod .  I n  a d d i t i o n ,  L i f e  Support must 
provide a n  environment which i s  compatible wi th  the  primate t o  ensu re  a s a f e  
and uninfluenced space simulated experiment.  To accomplish these  g o a l s ,  t h e  
L i f e  Support Subsystem is  d iv ided  i n t o  s i x  elements - l i f e  c e l l ,  f e e d e r ,  
waterer, behaviora l  pane l ,  environmental c o n t r o l  and waste menagement, and 
recovery capsule .  F igure  7 s chemat i ca l ly  i l l u s t r a t e s  t h e  f u n c t i o n a l  re la-  
t ionships  of t hese  subsystems. Subsequent s e c t i o n s  w i l l  b r i e f l y  d e s c r i b e  
ind iv idua l ly  these  subsystems. D i f f e rences  between t h e  Laboratory T e s t  
Model and spacec ra f t  subsystem w i l l  be h igh l igh ted .  
L i f e  ce l l .  - The l i f e  c e l l  i s  t h e  c e n t r a l  element of t h e  L i f e  Support 
Subsystem se rv ing  a s  an enc losure  and l i v i n g  area f o r  t h e  primate.  I t  i s  
i d e n t i c a l  t o  the  spacec ra f t  l i f e  c e l l .  
L i f e  c e l l  requirements: The Laboratory Test Model l i f e  c e l l  r equ i r e -  
ment i s  t o  s imula te  the  s p a c e c r a f t  l i f e  c e l l .  Th i s  i s  accomplished by s a t i s -  
fy ing  the following requirements:  
, 
I 
(1) Phys ica l ly  t h e  l i f e  c e l l  should be 36 inches  h igh ,  30 inches wide 
and 40 inches long and t h e  volume i s  25 cubic  f e e t .  
(2) The c e i l i n g  of t he  l i f e  c e l l  should be designed so  as t o  cause 
minimum i n t e r f e r n c e  of t e l e v i s i o n  viewing, as w e l l  as t o  i n h i b i t  t h e  monkey 
from grasping the  c e i l i n g  o r  o r i e n t i n g  toward t h e  c e i l i n g .  The f l o o r  i s  re- 
qui red  t o  provide foot -holds  f o r  the monkey and t o  p re sen t  a minimum o b s t a c l e  
t o  passage of wastes. The cage is  t o  con ta in  no removable components o r  
f a s t e n e r s  a c c e s s i b l e  from w i t h i n .  The i n t e r i o r  must have a minimum of 
p ro jec t ions  o r  o b s t a c l e s  which might c o l l e c t  wastes or  impede t h e i r  removal. 
( 3 )  Materials w i t h i n  t h e  l i f e  c e l l  should be capable of r e s i s t i n g  
sc ra t ch ing  o r  chewing by t h e  monkey and chemical a t t a c k  by f r e s h  o r  de- 
composing food, f e c e s ,  o r  u r i n e .  
( 4 )  The l i f e  c e l l  should be i l l umina ted  a t  an  i n t e n s i t y  of 25 foo t -  
candles f o r  14 hours per day. 
approximating t h a t  of s u n l i g h t .  During t h e  ten-hour dark  pe r iod ,  l i g h t  
i n t e n s i t y  should be i n  t h e  range of 0.01 t o  0.10 foot -candle .  
The l i g h t  source  should provide a spectrum 
(5) Cages should provide f o r  s o c i a l  i n t e r a c t i o n  between monkeys which 
allows only f i n g e r  and t o e  touching. 
( 6 )  Exerc ise  i s  d e s i r a b l e  t o  keep t h e  monkey i n  good phys io log ica l  con- 
d i t i o n .  The p o s i b i l i t y  of provid ing  e x e r c i s e  through a v a r i a b l e  s p r i n g  
tens ion  o r  a similar mechanical approach should be cons idered .  
L i f e  c e l l  d e s c r i p t i o n  and performance: The Laboratory Test Model c o n t a i n s  
two adjacent  l i f e  c e l l s  connected by a s o c i a l  window i n  t h e i r  common ( i n s i d e )  
wal l .  The volume of a l i f e  c e l l  i s  25 cub ic  f e e t .  The l i f e  c e l l  i s  a t runca ted  
semi-cylinder. The r a d i u s  i s  36 inches wi th  a depth  of 30 inches  as shown i n  
f i g u r e  8 .  The cage walls and c e i l i n g  are smooth m a t t  f i n i s h  s t a i n l e s s  s t ee l  
pane ls  with rounded edges and f i t t e d  co rne r s  t o  minimize t h e  c o l l e c t i o n  of 
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d e b r i s  and the  p o s s i b i l i t y  of i n j u r y  t o  t h e  animal. The f l o o r  g r i l l ,  moving 
w a l l ,  and s o c i a l  opening mechanism, are cons t ruc ted  of s t a i n l e s s  s tee l  tubes  
welded toge the r  a t  each i n t e r s e c t i o n .  
A one-inch c l ea rance  between t h e  two cages i s o l a t e s  t he  two wa l l s  t o  reduce 
no i se  t ransmiss ion  and provide space f o r  w a l l  re inforcements ,  a p re s su re  s h e l l  
t i e  menber and c a b l i n g  runs .  This one-inch cage spacing a l s o  se rves  t o  sepa ra t e  
t h e  s o c i a l  opening sc reens .  The s e l e c t i o n  of one-half inch square g r i l l  open- 
ings  enab le s  t h e  animals t o  touch f i n g e r s  or  t o e s  but  they cannot b i t e  each 
o t h e r  through t h i s  s o c i a l  opening. 
The t e l e v i s i o n  camera i s  loca ted  o u t s i d e  t h e  Laboratory Tes t  Model p re s su re  
s h e l l  and w i l l  view the  cage through a g l a s s  p l a t e .  The t e l e v i s i o n  camera and 
o p t i c a l  window i s  sh ie lded  thoroughly from ambient l i g h t  t o  prevent  r e f l e c t i o n s  
i n t o  the  t e l e v i s i o n  and t o  prevent the  primate from see ing  i n t o  the  l abora to ry .  
L i f e  c e l l  p re l iminary  equipment l i s t :  A l i s t  of major equipment i tems, 
o t h e r  than s t r u c t u r a l  a r e  shown i n  t a b l e  8. The equipment eva lua ted  i s  de- 
veloped and a v a i l a b l e .  
TABLE 8. - LIFE CELL PRELIMINARY EQUIPMENT LIST 
I t e m  No 
1 
2 
3 
Suggested 
Desc r ip t ion  manufacturer 
Geared motor Globe I n d u s t r i e s  , 
Geared motor 
I n d u s t r i a l  
gear reducer  
Globe I n d u s t r i e s  , 
Inc . 
Harmonic Drive 
Div., United Shoe 
Machine Corp. 
P a r t  
No. 
102A19 0- 10 
102A16 5 - 10 
HDUC 40- 
120- 1 - GP 
Quantity per 
LTM 
2 
2 
2 
age 
The 
fo r  
the  
Feeder.  - Basic animal n u t r i t i o n a l  requirements are furnished from a s t o r -  
and d i spens ing  device ,  a s  a reward f o r  a c t i v i t i e s  performed, o r  ad l i b i tum.  
f e e d e r s  are  i d e n t i c a l  t o  the ones used i n  the  s p a c e c r a f t .  
Feeder requirements:  
each animal must be loaded i n  a s t e r i l i z e d  cond i t ion  and kept  s t e r i l e  t o  
p o i n t  of d e l i v e r y .  
A t o t a l  of 54,750 one-gram p e l l e t s  weighing 120 pounds 
The animal food w i l l  be of a composition t e s t e d  fo r  
l a b o r a t o r y  maintenance of Rhesus co lon ie s ,  such as C I B A  Whole Die t  Nut r ien t  
Pe l le t s .  On demand and p e r  program, the  monkey w i l l  be fed 150 p e l l e t s  p e r  
day. The p e l l e t s  m u s t  be enclosed a t  a l l  times t o  prevent contaminiation. The 
d e l i v e r y  r a t e  i s  on an  average of one p e l l e t  per two and one-half  minutes. 
Upon i l l u m i n a t i o n  of  the st imulus l i g h t ,  the monkey w i l l  p l ace  h i s  mouth over 
t he  mouthpiece and i n  about one-half second w i l l  r ece ive  a p e l l e t .  R e l i a b i l i t y  
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and freedom from contamination are the  most important cons ide ra t ions .  The 
p r i m a r y  requirements of the  feeder a r e  summarized a s  follows: 
(1) 
(2)  
S h a l l  opera te  i n  a one atmosphere and under 1 g cond i t ions .  
S h a l l  dispense p e l l e t s  d i r e c t l y  i n t o  the  an ima l ' s  mouth i n  a manner 
acceptable t o  the  animal. 
(3 )  S h a l l  not be s u s c e p t i b l e  t o  jamming through presence of w e t  o r  hard- 
ened feces o r  food i n  d e l i v e r y  nozz le .  
( 4 )  S h a l l  prevent contamination of food from sources ,  such a s  mois ture ,  
f e c e s ,  u r ine ,  o r  w e t  food i n  o r  on the  d e l i v e r y  nozz le .  
( 5 )  S h a l l  s i g n a l  de l ivezy  of a p e l l e t  t o  an accuracy of 0.01 second. 
Feeder d e s c r i p t i o n  and performance: The des ign  and cons t ruc t ion  of t h e  
feeder  is  shown i n  f i g u r e  9 .  The feeder  u t i l i z e s  1 gram s p h e r i c a l  food pe l -  
le ts  encased i n  a r egu la r  t r a c k  z ipper  tub ing .  Each feeder  i s  loaded w i t h  
54,750, 1-gram p e l l e t s .  
The food tube i s  s p h e r i c a l  wound on a s t o r a g e  drum. 
t r a i n e d  by a dragging brake. The food tube i s  removed t a n g e n t i a l l y  from 
t h e  food drum through a t r a v e l i n g  lead  block t h a t  a r t i c u l a t e s  as layers  
are  removed from t h e  drum. 
the  p e l l e t s  a r e  deposited i n  the  mandrel where they are fed t o  a s ta r  wheel 
w i t h  four ho le s  t h a t  a re  a c c u r a t e l y  pos i t ioned  by a geneva mechanism. 
This  drum i s  r e s -  
The tube i s  unzippered a t  the  food mandrel and 
A ram normally seals t h e  d e l i v e r y  mouthpiece. To d e l i v e r  a p e l l e t ,  t h e  
The empty food tube 
r a m  r e t r a c t s ,  t h e  star wheel r o t a t e s  a p e l l e t  i n t o  p o s i t i o n  and t h e  r a m  
reseats,  thereby d e l i v e r i n g  a p e l l e t  t o  t he  primate.  
i s  wound f l a t  upon a takeup ree l .  The prime mover of t he  food tube i s  the  
caps tan  located between t h e  mandrel and the  takeup r e e l .  
A switch r e q u i r e s  t h a t  the  p r i m a t e  p l ace  i t s  mouth over t h e  d e l i v e r y  
mouthpiece be fo re  i t  can r ece ive  a p e l l e t .  
Feeder pre l iminary  equipment l i s t :  Table 9 r e p r e s e n t s  a l i s t i n g  of 
mojor equipment i t e m s  requi red  t o  mechanize the  pre l iminary  des ign  of t h e  
f eede r .  
a v a i l a b l e .  
Most of t h e  components as noted a r e  a l r eady  developed and r e a d i l y  
22 VOL IV 
FL-II IE I 
P I 
I 
I 1-7- 
VOL IV 23 
TABLE 9 .  - FEEDER PRELIMINARY EQUIPMENT LIST 
I t e m  no. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Desc r ip t ion  
P lane ta ry  gear 
motor 
P lane ta ry  gear 
motor 
Torque motor 
Zipper tub ing  
Cam r o l l  
Spur gear 
Spur gear 
Ex t er na 1 tang en t 
d r i v e  
Linear b a l l  
bea r ing  
Ratche t  r ing  
gear 
Suggested 
manufacturer 
Globe I n d u s t r i e s  
Globe I n d u s t r i e s  
In land  Motor 
Company 
Zipper Tub ing 
Company 
McGill Company 
Boston Gear 
Company 
Boston Gear 
Company 
Geneva Mot ions 
Corpora t ion  
Thompson Indus - 
t r ies  
Boston Gear 
P a r t  no. 
10211190-9 
10211193- 11 
T4412 
Z t- 0500 
CF-518 
NA 25B 
3 OB 
New 
A-81420 
NB- 120 
Q u a n t i t y  p e r  
LTM 
4 
2 
2- 2200 
f t . I r o l :  
2 
8 
4 
2 
4 
2 
Waterer. - The waterer is  extremely important t o  t h e  success  of t h e  
miss ion .  Engineering d a t a  s h a l l  be gathered f o r  assessment of t h e  opera- 
t i o n  of t h e  waterer, both f o r  r e c o g n i t i o n  of i n c i p i e n t  f a i l u r e  and f o r  
eva lua t ion  of t h e  system performance dur ing  t h e  s a t i s f a c t o r y  one year  ope ra t ion .  
I n  order t o  prevent contamination of t h e  waterer, t h e  wa te re r  should 
prevent back contamination by desolved material ,  p a r t i c u l a t e s ,  o r  micro- 
organisms through t h e  d e l i v e r y  nozz le .  The water i t s e l f  w i l l  be  po tab le  
t a p  water. Mineral  conten t  w i l l  be l imi t ed  t o  prevent  co r ros ion  o r  s c a l i n g  
and t h e  water w i l l  be f i l t e r e d - s t e r i l i z e d  as i t  i s  placed i n  t h e  s t o r a g e  
tank. The po tab le  t a p  water is  being used because t h e  animal normally 
r e q u i r e s  t h e  minera ls  contained i n  t h e  water. 
Waterer requirements:  The waterer s h a l l  s imu la t e  t h e  s p a c e c r a f t  des ign  
and appearance t o  t h e  animal.  It  s h a l l  d i spense  measured amounts of water t o  
t h e  animal upon success fu l  completion of a behav io ra l  t a s k  by t h e  animal.  
The requirements a f f e c t i n g  the  waterer a r e  as follows: 
(1) The waterer s h a l l  d e l i v e r  2 cc a l i q u o t s  t o  the  animal a t  t h e  rate of 
1 cc/second f o r  an  average of 208 a l i q u o t s  per day f o r  one year wi thout  f a i l -  
u re .  
(2)  
(3 )  
A switch s h a l l  opera te  when t h e  animal’s mouth is on the  mouthpiece, 
The s to red  water s h a l l  not  support  or encourage growths of fung i  o r  
which s i z e  s h a l l  be compatible wi th  the  animal. 
b a c t e r i a  . 
( 4 )  The s to red  water s h a l l  remain uncontaminated. 
(5) The water s h a l l  be de l ive red  t o  t h e  animal a t  l i f e  c e l l  temperatures  
wi th in  f 5 degrees  F .  
( 6 )  The waterer s h a l l  opera te  i n  1 g f i e l d  environment. 
(7) The waterer s h a l l  prevent buildup of contaminating s o l u t e s  due t o  
co r ros ion  o r  leaching  of component materials, 
(8) The waterer s h a l l  provide a s i g n a l  s ign i fy ing  d e l i v e r y  of an  a l i q u o t .  
(9) The waterer s h a l l  s i g n a l  t i m e  of de l ive ry  t o  w i t h i n  0.01 seconds.  
Waterer d e s c r i p t i o n  and performance: The d i s s i m i l a r i t y  between t h e  space- 
c r a f t  waterer and t h e  Laboratory T e s t  Model waterer e x i s t s  i n  the  method 
of water s t o r a g e .  In s t ead  of two ind iv idua l  water s t o r a g e  tanks p re s su r i zed  
through b ladde r s ,  t h e  water s to rage  i n  the  labora tory  test  model i s  accomplished 
by t h e  s t o r a g e  of water f o r  two pr imates ,  302,950 grams, i n  a s i n g l e  c o m e r -  
cia1 q u a l i t y  tank  pressur ized  t o  y i e l d  25 ps ig  a t  t h e  d e l i v e r y  mouthpiece. 
The s to rage  tank  has a f i t t i n g  t o  permit p re s su r i za t ion ,  a fill hole  t h a t  may 
be sea led  t i g h t ,  a p re s su re  r e l i e f  va lve  and a l e v e l  gage. The tank i s  loca ted  
ou t s ide  the  p re s su re  s h e l l .  Tubes from the  s torage tank d e l i v e r  water t o  each 
of t h e  so lenoid  va lves .  A pressure  gage is  i n s t a l l e d  on the tank s i d e  of t he  
va lve  t o  a l low proper p re s su r i za t ion ;  t h i s  presumes t h a t  the  gage, va lve ,  and 
d e l i v e r y  mouthpiece are on the  same l e v e l  while the  tank i s  no t  n e c e s s a r i l y  s o .  
The meter ing mouthpiece which i s  i d e n t i c a l  t o  the  spacec ra f t  des ign  i s  
motor d r iven .  When t h e  d e l i v e r y  cycle  s t a r t s ,  t h e  solenoid valve opens,  t h e  
p i s t o n  r e t r a c t s ,  thereby f i l l i n g  the  p rec i s ion  volume. The so lenoid  va lve  
then c l o s e s ,  t h e  s h a f t  r e t r a c t s  and the  p is ton  moves forward d ispens ing  2 cc  
of water. The s h a f t  then reseals the  mouthpiece. 
The des ign  f e a t u r e s  of t he  Waterer,  excluding the  s to rage ,  a r e  ind ica ted  
by Northrop Drawing 148-11500, “Subassembly Water Supply and Dispenser .”  
Waterer pre l iminary  equipment l i s t :  Table 10 r ep resen t s  a s e l e c t i o n  of 
major component i t e m s  requi red  i n  mechanizing t h e  Waterer prel iminary design;  
as noted,  t h e  u n i t s  are a l r eady  developed and a v a i l a b l e .  
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TABLE 10. - WATERER PRELIMINARY EQUIPMENT LIST 
I t e m  no. 
1 
2 
3 
I I I 
Suggested 
Descr i p  t ion manu f a c t ur er P a r t  no. 
P lane tary  gear motor Globe 1 0 2 ~ 1 9 3 -  10 
I n d u s t r i e s  
So leno i d  va lve  Skinner V5 2DA12 5 0 
Corporat ion 
Ball bear ings New Hampshire SR4PP 
Corporat ion 
Quant i ty  per 
LTM 
2 
2 
4 
Behavioral pane l .  - The animals w i l l  be  t r a i n e d  by t h e  P r i n c i p a l  I n v e s t i -  
g a t o r  t o  perform a number of behaviora l  tes ts  which are designed t o  provide 
measurements o f  t h e  tendency t o  eat  and d r i n k ,  r e a c t i o n  t o  f r u s t r a t i o n  and 
s t a r t l i n g ,  escape/avoidance of noxious s t i m u l a t i o n ,  and c i r c a d i a n  p a t t e r n s  
of behavior,  an imal ' s  a b i l i t y  t o  estimate s h o r t  t i m e  i n t e r v a l s ,  r e a c t i o n  t i m e ,  
v i s u a l  and a u d i t o r y  d iscr imina t ion .  I n  a d d i t i o n ,  a n  area i n  t h e  p r i m a t e ' s  l i f e  
c e l l  w i l l  b e  needed t o  accomodate t h e  waterer-pr imate  and feeder-pr imate  i n t e r -  
f a c e .  A behaviora l  panel t o  provide s t imulus s i g n a l s  f o r  s p e c i f i c  t a s k s ,  
means for  t h e  primate t o  accomplish t h e  t a s k s ,  and means of providing rewards,  
water and food f o r  accomplishing t h e  t a s k s ,  i s  provided t o  serve t h i s  func t ion .  
The command and c o n t r o l  subsystem s e c t i o n  conta ins  a d e s c r i p t i o n  of t h e  
e l e c t r o n i c s  assoc ia ted  w i t h  t h e  pane l .  This  panel  i s  i d e n t i c a l  t o  t h e  space- 
c r a f t  behavioral  panel .  
Behavioral panel requirements: The fol lowing requirements s h a l l  be 
complied wi th  using t h e  behavioral  panel equipment s p e c i f i c a l l y  designed 
t o  simulate t h e  spacecraf t  behavioral  panel :  
(1) The behaviora l  panel  s h a l l  p r e s e n t  s t i m u l i  t o  which t h e  animal must 
respond in  order  t o  o b t a i n  food and water. 
(2) The behavioral  panel  s h a l l  p r e s e n t  s t i m u l i  which w i l l  cue o t h e r  
s p e c i f i e d  a c t i v i t y  of t h e  animal ( e .g . ,  weight ing,  s imulated recovery,  e t c . ) .  
(3) The panel  s h a l l  be loca ted  away o r  a c r o s s  from t h e  s o c i a l  window. 
( 4 )  The s t imulus d i s p l a y  and handles  should be loca ted  f o r  ease of view- 
i n g  and manipulating when t h e  primate i s  sea ted  before  t h e  pane l .  
(5) The s i z e ,  spacing and p o s i t i o n i n g  of s t i m u l i  and handles  s h a l l  be 
convenient and reduce t h e  p o s s i b i l i t y  o f  confusion. 
(6) Handles p r o j e c t i n g  1 inch ,  318 inch  diameter ,  and moving upward 1/4 
inch wi th  a 3-ounce f o r c e  w i l l  be  provided f o r  each t a s k .  
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(7) The food mouthpiece, 5/8 inch O . D . ,  and water mouthpiece, 1/4 inch 
O.D., s h a l l  be loca ted  above t h e  handles .  
I t e m  no. 
( 8 )  
(9) 
Stimulus l i g h t s  s h a l l  surround t h e  handles and mouthpieces. 
The behaviora l  panel  s h a l l  be invulnerable  t o  t h e  an imal ' s  c u r i o s i t y  
and t o  fou l ing  by waste matter. This  includes o b s t r u c t i o n  of i n d i c a t o r s .  
Suggested Q u a n t i t y  
Desc r ip t ion  manufacturer P a r t  no. per LTM 
Behavioral  pane l  d e s c r i p t i o n  and performance: The behaviora l  pane l  des ign  
shown i n  f i g u r e  10 c o n s i s t s  b a s i c a l l y  of  two panels .  The f i r s t  pane l  c o n s i s t s  
of t h r e e  l i g h t s  - blue ,  red  and yellow. The b lue  l i g h t  i s  the  s t imulus  
i l l umina t ion  f o r  t h e  t iming component (TIM), t he  red  l i g h t  i s  t h e  s t imulus  
i l l umina t ion  f o r  t he  i n t e r l o c k  components (ILK), and the  yellow l i g h t  i s  the  
s t imulus  i l l umina t ion  f o r  t he  Vig i lance  component ( V I G ) .  A maximum p o s s i b l e  
number of e i g h t  l i g h t s  per  response panel  component are shown. The response 
panel  has a t r a n s l u c e n t  material covering t h e  l i g h t s  and the  f i n g e r  l e v e r s  
whose bases  are  enclosed by a n  elastomer ma te r i a l  f o r  s e a l i n g  purposes .  
1 
2 
3 
The waterer - feeder  mouthpiece pane l  i s  the o the r  p o r t i o n  of t h e  behaviora l  
panel .  This  subassembly c o n s i s t s  of a maximum of twenty-eight wh i t e  l i g h t s ,  
a waterer moughpiece, a f e e r e r  mouthpiece, and t r ans lucen t  material covering 
t h e  l i g h t s  and providing the  s e a l i n g  i n t e r f a c e  f o r  t h e  mouthpiece e x t e r i o r  
su r faces .  Even though t h e  maximum number of l i g h t s  are shown, only  one-half 
of t h e  l i g h t s  w i l l  be on. The l i g h t s ,  t he re fo re ,  have redundancy b u i l t  i n t o  
t h e  des ign .  
~ 
Microswi t ches Minneapolis- 1 EM23 12 
Honneywe 11 
Lamp bu 1 b s General Electr ic  T-1-3/4- 104 
Corporation 11-C-D- 
BI-PIN 
E las  t omer mater ia Is K i r k h i l l  Rubber New 6 
Company 
The behaviora l  pane l  w i l l  be made wa te r - t i gh t  by us ing  Viton gaske ts  and/or 
a p o t t i n g  technique.  The t r ans lucen t  material i s  used i n  order  t o  a l low t h e  
l i g h t s  t o  be seen by t h e  primate bu t  w i l l  not a l low the  pr imate  t o  touch t h e  
l i g h t  source.  
Behavioral  pane l  prel iminary equipemnt l ist :  Table  11 lists those major 
items o the r  than  t h e  e l e c t r o n i c s  and panel  s t r u c t u r a l  material a n t i c i p a t e d  as 
being necessary  t o  i t s  mechanization. 
TABLE 11. - BEHAVIORAL PANEL PRELIMINARY EQUIPMENT LIST 
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Environmental con t ro l  and waste management. - The environmental  c o n t r o l  
subarea porvides  a l i f e  suppor t ing  atmosphere f o r  two animals according t o  - 
s p e c i f i e d  requirements .  
environmental  con t ro l  subarea i s  s e l e c t e d  and instrumented t o  prove t h e  
des ign  of components proposed f o r  t he  Orbi t ing  Primate Spacec ra f t .  The d i f f e r -  
ences  between the  Laboratory Test Model and the  equipment proposed f o r  the  
Orb i t ing  Primate  Spacecraf t  are  i d e n t i f i e d  i n  each component area descr ibed  
below. 
A l l  equipment used i n  t h e  l abora to ry  tes t  model 
Environmental con t ro l  and waste management requirements:  The environmental  
c o n t r o l  system/waste management system funct ions t o  main ta in  the  condi t ions  
w i t h i n  the  pr imate  chanber so as t o  a s s u r e  t h a t  the  pr imates  w i l l  surv ive  f o r  
one year .  
The requirements may be summarized as  follows: 
(1) Handle thermal loads imposed by the pr imates  and a s soc ia t ed  e l ec -  
t r o n i c s .  
(2) Control  atmosphere l e v e l  and composition t o  w i t h i n  s p e c i f i e d  l i m i t s .  
(3) Remove pr imate  generated carbon dioxide from the  atmosphere. 
( 4 )  Control  t r a c e  contaminants below spacecraf t  m a x i m u m  a l lowable  con- 
c e n t r a t i o n  l i m i t s  e s t ab l i shed  f o r  manned missions.  
(5) Maintain a d e s i r a b l e  v e n t i l a t i o n  ve loc i ty .  
( 6 )  Maintain a d e s i r a b l e  e f f e c t i v e  atmosphere temperature .  
(7) Prevent  dus t  from d r i e d  feces  from spreading through the  l i f e  
support  system. 
(8) E s t a b l i s h  the  c a p a b i l i t y  of handling waste material. 
Environmental con t ro l  and waste management d e s c r i p t i o n  and performance: 
The environmental  con t ro l  system/waste management system d k s c r i p t i o n  of t he  
Laboratory T e s t  Model is  s imi la r  t o  the  operat ing pr imate  spacec ra f t  environ- 
mental  c o n t r o l  system/waste management system. 
noted below. F igure  11 i s  a schematic r ep resen ta t ion  of t he  environmental  
c o n t r o l  and waste management mechanization. 
S p e c i f i c  d i f f e r e n c e s  are  
Cryogenic s to rage  techniques f o r  t h e  oxygen and n i t rogen  atmosphere 
w i l l  be used i n  the  ope ra t ing  primate spacec ra f t .  The labora tory  tes t  model 
uses  h igh  p res su re  commercial gas b o t t l e s  f o r  s to rage  of oxygen and n i t rogen  
The b o t t l e s  are equipped wi th  r e g u l a t o r s  t o  r e g u l a t e  the  pressure  t o  50 p s i a  
and p res su re  i n d i c a t o r s  t o  i n d i c a t e  pressure a t  the l i f e  c e l l  input  va lve .  
P res su re  i n s i d e  the  pressure  ves se l  i s  regulated t o  17.0 p s i a  w i t h  an  accuracy 
of 20.2 p s i a .  
I 
VOL IV 29 
The oxygen-nitrogen s e l e c t o r  va lve  and t o t a l  p r e s s u r e  i n l e t  va lve  t o  t h e  
pressure v e s s e l  are  of t h e  same des ign  as proposed f o r  t h e  ope ra t ing  primate 
spacec ra f t  w i th  t h e  except ion  t h a t  i n l e t  va lve  i s  equipped w i t h  a device  t o  
in su re  t h a t  a f ixed  flow ra te  is  maintained when i t  is  commanded open. I t  
w i l l  be p o s s i b l e  t o  determine t h e  amount of oxygen o r  n i t rogen  introduced 
i n t o  the p re s su re  v e s s e l  from t h e  knowledge of t h e  p o s i t i o n  of €he oxygen - 
ni t rogen  s e l e c t o r  va lve  and when and how long t h e  i n l e t  va lve  is  commanded 
open. Provis ions  s h a l l  be made t o  weigh the  gas contained i n  the  high 
pressure  s t o r a g e  tank to  w i t h i n  0.2 l b .  
Figure 1 1  .-LTM environmental and waste management systems 
Gas ana lyzers  are used t o  determine t h e  c o n s t i t u e n t s  o f  t h e  l i f e  c e l l  
atmosphere. 
type supplied as a GFE i t e m  and i n s t a l l e d  by t h e  LTM c o n t r a c t o r .  A vacuum 
pump s h a l l  be connected t o  t h e  gas ana lyze r s  t o  reduce the  d i scha rge  p res su re  
t o  l o m 6  t o r r .  
nected in to  the  l i f e  suppor t  atmosphere i n  such a manner t h a t  on ly  one sensor 
i s  exposed t o  t he  atmosphere a t  a t i m e .  
monitor of p a r t i a l  oxygen p res su re  i n s i d e  t h e  l i f e  c e l l .  P rov i s ions  s h a l l  be 
made t o  namually ove r r ide  and r e g u l a t e  p a r t i a l  oxygen p res su re  i n s i d e  t h e  
l i f e  c e l l .  
p a r t i a l  oxygen p res su re  concen t r a t ion  i n s i d e  the  p re s su re  v e s s e l .  
The gas  ana lyze r s  and gross  gas ana lyze r s  a r e  mass spec t rograph  
Three polarographic  p a r t i a l  oxygen p res su re  senso r s  are con- 
These senso r s  are  used as a backup 
Provis ions  s h a l l  be made t o  manually o v e r r i d e  and r e g u l a t e  
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Two atmosphere dump va lves  w i l l  be provided. 
a c t i v a t e d  manually and is commanded t o  dump gas when t h e  t r a c e  contaminants 
are i n  excess  of t h e  s p e c i f i e d  l i m i t s .  The pressure  r e l i e f  va lve  dumps gas 
when p res su re  i n s i d e  t h e , p r e s s u r e  c e l l  i s  17.2 p s i a .  Di f fe rences  i n  t h e  
l abora to ry  t es t  model compared wi th  t h e  spacec ra f t  are as follows: 
The purge dump va lve  i s  
(1) No t o t a l  atmosphere dump va lve  i s  provided i n  the l abora to ry  test 
model. 
(2) The over-pressure va lve  i s  cont ro l led  t o  17 k .2 p s i a .  
A c i r c u l a t i o n  f a n  i n  the  main a i r  stream loop provides  a 30 fpm v e l o c i t y  
of t h e  atmosphere flowing through each l i f e  c e l l .  The 30 fpm v e l o c i t y  ensures  
t r a n s p o r t  of d e b r i s  and waste from t h e  l i f e  c e l l  t o  t h e  waste management 
system. Fan power i s  con t ro l l ed  by t h e  f a n  c o n t r o l l e r .  The down stream check 
va lve  is  a n  i n t e g r a l  p a r t  of t h e  f a n  assembly, w i t h  t h e  f a n  motor a brush- 
less dc  des ign ,  us ing  p h o t o e l e c t r i c  commutation. 
The contaminant f a n  i n  t h e  secondary a i r  stream provides  a f ixed  mass 
flow ra te  f o r  process ing  t o  con t ro l  humidity, temperature,  and carbon d ioxide  
concent ra t ion .  The check va lve  is  a n  i n t e g r a l  p a r t  of t h e  completed f a n  
assembly, w i t h  t h e  f a n  motor a b rush le s s  dc des ign ,  u s ing  p h o t o e l e c t r i c  commu- 
t a t  ion.  
The hea t  exchanger i n  t h e  secondary a i r  stream i s  of t h e  compact p l a t e -  
f i n  type w i t h  c i r c u l a t i n g  atmosphere, 21% oxygen w i t h  n i t rogen  d i l u e n t ,  making 
a s i n g l e  pass  through the  core .  This  hea t  exchanger i s  used t o  t r a n s f e r  t h e  
sen 's ible  h e a t  load t o  t h e  Thermal Control  Subsystem. The water coo lan t ,  
suppl ied  by t h e  l abora to ry  f a c i l i t y ,  makes two passes  i n  t h e  cross-counterf low 
d i r e c t i o n .  
The condensing hea t  exchanger i n  p a r a l l e l  w i t h  t h e  s e n s i b l e  hea t  exchanger,  
i s  based upon the  cross-counterf low p l a t e  f i n  approach. The s ing le -pass  gas 
passages s h a l l  inc lude  metal wicks f o r  t r anspor t  o f  t h e  condensed water vapor 
from the  airstream t o  a c o l l e c t i o n  tank by c a p i l l a r y  a c t i o n .  The condenser 
i s  used t o  t r a n s f e r  t h e  l a t e n t  hea t  load to  the  Thermal Control  Subsystem. 
The major d i f f e r e n c e  i n  the  hea t  exchangers i s  t h a t  cold water a t  50" 5 
5°F s h a l l  be used r a t h e r  than  FC-75 as a cool ing agent .  
i s  used t o  p rehea t  a po r t ion  of t h e  c i r c u l a t i n g  secondary a i r  stream t o  a 
temperature approximating the  l i f e  c e l l  before  e n t e r i n g  the  L i O H  c a n i s t e r .  
p rehea t ing  a s s u r e s  proper ope ra t ion  of t h e  carbon d ioxide  removal bed. 
regenera tor  i s  f a b r i c a t e d  by welding two tubes toge the r .  One tube i s  s t r a i g h t  
and c a r r i e s  t h e  f u l l  flow of t he  c i r c u l a t i n g  atmosphere, whi le  t he  o the r  i s  a 
s p i r a l  tube wrapped around t h e  s t r a i g h t  tube. The s p i r a l  tube c a r r i e s  t he  low 
.flow of c i r c u l a t i n g  gas t o  be processed i n  t h e  l i t h ium hydroxide c a n i s t e r .  
The regenera tor  
The 
The 
The l i t h i u m  hydroxide c a n i s t e r ,  an  aluminum tank loca ted  o u t s i d e  t h e  p re s -  
sur ized  s e c t i o n  of t he  l i f e  c e l l  s t r u c t u r e ,  i s  used t o  absorb carbon d ioxide  
from the  pr imate  atmosphere. It has hea te r s  on the  e x t e r i o r  su r face  t o  s imu-  
l a te  the  s o l a r  energy input  i n  the  Orb i t ing  Primate Spacecraf t .  
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The waste management subarea,  i d e n t i c a l  t o  the  Orb i t ing  P r i m a t e  Spacecraf t /  
waste management system c o n s i s t s  of  an aluminum framework t h a t  suppor ts  t he  
mul t i - layers  of graduated w i r e  mesh i n  a manner t o  provide an extended su r face  
f i l t e r .  The aluminum framework i s  f i rmly  a t tached  t o  the  w a l l s  o f  t he  pressure  
s h e l l .  An ac t iva t ed  charcoa l  bed and a source of u l t r a v i o l e t  l i g h t  a l s o  are 
supported wi th in  the framework below the  w i r e  mesh f i l t e r s .  The bed and l i g h t  
a long  with a c a t a l y t i c  burner i n  the  l i t h ium hydroxide-atmosphere loop c o n t r o l  
t he  l e v e l  of contaminants i n  the atmosphere. 
Environmental c o n t r o l  and waste management pre l iminary  equipment l i s t  : 
Table 1 2  l i s t s  the major equipment i t e m s  fo r  environmental  c o n t r o l  and waste 
management. 
Recovery capsule .  - The recovery capsule  i s  a mockup of the  one used i n  the  
Orbi t ing  Primate Spacecraf t .  
primates as t o  t h e i r  response t o  a s i g n a l  t o r  a recovery phase.  
The capsules  w i l l  provide a means of t e s t i n g  t h e  
Recovery capsule  requirements:  The recovery capsule  requirement i s  t o  s i m -  
u l a t e  the i n t e r i o r  conf igura t ion  of the  Orb i t ing  Primate Spacecraf t  capsule .  
I t s  door must be operable  a f te r  one year of s to rage .  A viewing p o r t  must be 
provided. 
Recovery capsule  d e s c r i p t i o n  and performance: The s e l e c t e d  conf igu ra t ion  
of t he  recovery capsule  i s  shown i n  f igu re  1 2 .  The recovery capsule  i s  con- 
nected to  the  l i f e  c e l l  bu t  separa ted  by a door t h a t  remains c losed  u n t i l  t h e  
capsule  i s  used. There i s  no se l f -conta ined  o r  plug-in environmental  c o n t r o l  
u n i t  i n  the  capsule .  The capsule  conta ins  a window near the  top t o  e n t i c e  the  
p r i m a t e  i n s i d e  and t o  p e r m i t  viewing of the pr imate  a f t e r  i t  i s  i n .  A hand 
hold s h a l l  be provided under the  window t o  ass i s t  the  p r ima te ' s  en t rance  i n t o  
the  capsule .  The recovery capsule  i s  17.5 inches high,  22 inches long and 19 
inches wide wi th  an i n t e r i o r  volume of 1 .5  cubic  f e e t .  
Recovery capsule  pre l iminary  equipment l i s t :  Table 13 l i s t s  t h e  major 
equipment i t e m s  f o r  the  recovery capsule .  
Thermal Cont ro l  
The bas i c  fun t ion  of the  Laboratory Test Model Thermal Cont ro l  Subsystem 
is  t o  remove waste hea t  from the  pressure  s h e l l  and i t s  con ten t s .  A secondary 
func t ion  i s  t o  add hea t  as requi red  i n  o r d e r  t o  s imula te  t r a n s i e n t  hea t  loads 
t h a t  may be required during tes t  opera t ions .  The Orb i t ing  Primate Spacecraf t  
Thermal Control  Subsystem u t i l i z e s  su r face  r a d i a t i o n  t o  t r a n s f e r  t h a t  ( rad ia-  
t i o n  mode) t o  the  deep spare  s ink .  
intermediate  l i n k  i n  the  hea t  path between the  h e a t  products ,  animals,  e l ec -  
t r o n i c s ,  e t c . ,  and the  s u r f a c e  r a d i a t i o n ,  The Laboratory Tes t  Model Thermal 
Cont ro l  Subsystem e l imina te s  the  FC-75 coolant  loop and s u b s t i t u t e s  a water  
hea t  t r a n s f e r  u n i t  loop. I n s u l a t i o n  i s  a l s o  provided over  t he  e n t i r e  Labor- 
a t o r y  Test Model t o  a s su re  t h a t  a l l  h e a t  leaves through the  water loop. 
Thermal s imula t ion  i n  the form of s t r i p  h e a t e r s  and water  cool ing  c o i l s  a r e  
a l s o  provided t o  s i m u l a t e  t r a n s i e n t  loads.  
An a c t i v e  FC-75 coolant  loop i s  used as an 
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Thermal c o n t r o l  requirements and ---- c o n s t r a i n t s .  - The Laboratory T e s t  Model -- 
Thermal Cont ro l  Subsystem i s  cons t ra ined  t o  ope ra t e  i n  an a i r  condi t ioned  
laboratory,  a i r  temperature;  70+ 5"F, R.H.; 50510% f o r  a per iod  of one yea r .  
Requirements f o r  t h i s  subsystem a r e  as fol lows:  
(1) One year  l i f e t i m e .  
(2) Handle s teady  s t a t e  head loads and v a r i a t i o n s  while  maintaining temp- 
e r a t u r e s  w i t h i n  des ign  l i rn i t a t ions ,  l i f e  c e l l  temperature 7 3  f 4°F. 
(3)  Supply hea t  t o  s imula te  t r a n s i e n t  loads as requi red .  
( 4 )  I n s u l a t e  pressure  s h e l l  from l abora to ry  environment. 
Water h e a t  t r a n s f e r  u n i t :  The Laboratory Tes t  Model Water h e a t  t r a n s f e r  
u n i t  c o n s i s t s  of t he  plumbing, s t a i n l e s s  s t e e l  tubing,  requi red  t o  c a r r y  
labora tory  suppl ied cool ing  water a t  50 2 5"F, a t  a ra te  of 10 g a l l o n s  p e r  
hour t o  and from the  Laboratory Tes t  Model Environmental Cont ro l  System hea t  
exchange and condenser u n i t s .  F igure  13 shows i n  schematic form the  water 
flow paths.  The water  passes  through these  two u n i t s  i n  a manner s i m i l a r  t o  
t h e  Orbi t ing  Primate Spacecraf t  system except  t h a t  a f t e r  passing through the  
hea t  exchanger and/or  bypass valve,  t he  l i q u i d  i s  d i r e c t e d  through a flow 
meter and dumped i n t o  the  l abora to ry  sewer d ra ins .  
i n s t a l l e d  upstream of the  Environmental Cont ro l  System condenser t o  maintain 
a cons tan t  10 g a l l o n  pe r  hour flow r a t e .  
A flow c o n t r o l  va lve  i s  
Insu la t ion :  Thermal i n s u l a t i o n  i n  the  form of a b l anke t  w i l l  be provided 
over  the  e n t i r e  Laboratory Tes t  Model. 
l i g h t  plywood frame t h a t  can  e a s i l y  be removed whi le  t e s t i n g  i s  i n  progress .  
S ince  the bu lk  of t he  hea t  producing e l e c t r o n i c s  i s  loca ted  e x t e r n a l  t o  the  
Laboratory Tes t  Model i n  the  t e s t  rack,  t he  i n s u l a t i o n  b l anke t  se rves  a s  a 
h e a t  b a r r i e r  should l abora to ry  environmental  cond i t ions  vary excess ive ly  
during t h e  t e s t  per iod.  I n  a d d i t i o n ,  t he  i n s u l a t i o n  se rves  as g no i se  b a r r i e r  
by reducing the  noise  l e v e l  presented t o  t h e  animals from the  l abora to ry  t o  
below audible  l i m i t s ,  
The b lanket  w i l l  be  supported on a 
The blanket  i t s e l f  c o n s i s t s  of two inches of Min-K super  i n s u l a t i o n  loose ly  
packed between two l a y e r s  of 5 m i l  aluminized mylar. The b l anke t  i s  sewn 
toge the r  wi th  nylon thread and c u t o u t s  a r e  provided f o r  gas  and l i q u i d  l i n e s .  
The blanket  i s  a t tached  t o  the  plywood support  by means of phenol ic  s t a n d o f f s  
and s t e e l  b o l t s .  F igure  14 shows a c r o s s  s e c t i o n  of t he  b l anke t ,  and f i g u r e  
15 dep ic t s  the  i n s u l a t i o n  i n s t a l l e d  over  t he  Laboratory T e s t  Model. As f i g u r e  
15 shows, one f ace  of t he  i n s u l a t i o n  support  i s  hinged t o  a l low l a t e r a l  i n -  
s t a l l a t i o n  of the  i n s u l a t i o n  assernbly. 
Thermal s imulat ion:  I n  o rde r  t o  provide v e r s a t i l i t y  t o  t h e  t e s t  i n  regard 
t o  t r a n s i e n t  h e a t  loads,  s t r i p  h e a t e r s  w i l l  be  provided t o  s imula te  such items 
as h e a t  producing e l e c t r o n i c s ,  e tc .  They w i l l  c o n s i s t  of commercial 28 v.d.c.  
h e a t e r  pads cemented t o  blocks of aluminum t h a t  equal  t h e  mass of t he  devices  
t h a t  they a r e  rep lac ing .  Laboratory power sources ,  swi tch ing  devices  and power 
measuring equipment w i l l  be used t o  a c t i v a t e  and monitor the  h e a t e r s .  
add i t ion ,  a c o o l e r  i n  the  form of a c o i l  of s t a i n l e s s  s t e e l  tub ing  w i l l  be  
I n  
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i n s t a l l e d  i n  t h e  main Envi ronsenta l  Cont ro l  System a i r  duc t  t o  s imula t e  a 
t r a n s i e n t  cool ing  load. The coo l ing  c o i l  w i l l  be  fed wi th  c h i l l e d  l abora to ry  
water c o n t r o l l e d  by a valve j u s t  upstream of t h e  c o i l ,  Before being dumped 
i n  t h e  l a b  sewer sys t em. the  water w i l l  be fed t o  a flow measuring device.  Ther- 
mocouples on e i t h e r  s i d e  of t he  c o i l  w i l l  i n d i c a t e  the  rate of cool ing  pro- 
vided t o  the  Laboratory Test Model. 
mal s imula tors .  
F igu re  16 shows a schematic of t he  t h e r -  
Thermal c o n t r o l  subsystem prel iminary equipment l i s t .  - Table 14 l is ts  the  
equipment r equ i r ed  f o r  the  Laboratory Tes t  Model Thermal Control  Subsystem. 
'TABLE 14. - LABORATORY TEST MODEL THERMAL CONTROL 
SUBSYSTEM PRELIMINARY EQUIPMENT LIST 
tern No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Desc r ip t ion  
S t a i n l e s s  s tee1 
tubing 
Flow c o n t r o l  
va lve  
Bypass va lve  
Flow measuring 
device  
Min K i n s u l a t i o n  
5 m i l  mylar 
Phenolic s tandoffs  
Plywood b lanke t 
support  
S t r i p  h e a t e r  
S t a i n l e s s  s tee l  
cool ing  c o i l  
5 ugges t ed 
4anufac t u r e r  
AiRese arch  
AiResearch 
AiResearch 
Ve ed er- Rozi t 
Johns Manville 
G. T. S c h j e l d a l l  
Northrop 
Northrop 
Northrop 
Nor t h r o  p 
'art No. 
Quant i ty  per  
Model 
A s  requi red  
1 
1 
1 
A s  requi red  
A s  requi red  
A s  requi red  
1 
A s  requi red  
1 
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S t r u c t u r e  and Mechanic a1  
The b a s i c  func t ion  of the  Laboratory Test Model S t r u c t u r e  and Mechanical 
Subsystem is t o  provide a gas t i g h t  envelope around the  animal l i f e  c e l l s  and 
c e r t a i n  po r t iops  of the  Environmental Cont ro l  System. I n  addi t ion ,  i t  provides 
s t r u c t u r a l  support  f o r  and a c c e s s i b i l i t y  t o  the  o t h e r  subsystems and i n d i r e c t l y  
t o  the  animals.  I n  developing the  Laboratory Tes t  Model pressure  s h e l l ,  no 
a t t e m p t  w a s  made t o  fol low the  des ign  of t he  Orb i t ing  Primate Spacecraf t  s h e l l  
except  where a d i r e c t  i n t e r f a c e  with the  animals r e su l t ed .  I n  f a c t ,  the  b a s i c  
Laboratory T e s t  Model s h e l l  was designed wi th  f l a t  s i d e s  and e x t e r n a l  bracing 
i n  order  t o  reduce the complexity of manufacture and during a c t u a l  t e s t i n g ,  
t he  complexity of a c c e s s i b i l i t y .  I n  a d d i t i o n  t o  the  pressure  s h e l l ,  a sup- 
po r t ing  s t r u c t u r e  completes the  subsystem. 
S t ruc tu re  and mechanical c o n s t r a i n t  requirements.  - The Laboratory T e s t  
Model S t ruc tu re  and Mechanical Subsystem i s  cons t ra ined  t o  ope ra t e  i n  a one g 
environment whi le  i n s t a l l e d  i n  an a i r  condi t ioned labora tory  f a c i l i t y .  While 
ope ra t ing  under t h i s  c o n s t r a i n t ,  the  S t r u c t u r e  and Mechanical Subsystem i s  
requi red  t o  : 
(1) Provide support  and p r o t e c t i o n  f o r  a l l  experiment and o t h e r  subsystem 
e lement s . 
(2) Provide a pressure  s h e l l  capable  of conta in ing  t h e  l i f e  c e l l  as- 
semblies and Environmental Cont ro l  System u n i t s ,  excluding primary and second- 
ary f a r s  and l i t h ium hydroxide c a n i s t e r ,  t h a t  w i l l  opera te  a t  a 5.0 ps ig  
maximum pressure  d i f f e r e n t i a l .  
(3) Provide access ,  during t e s t i n g ,  t o  the  main and secondary Environ- 
mental  Cont ro l  System fans ,  t he  food p e l l e t  d u s t  f i l t e r ,  the  gas  ana lyzer  and 
t h e  t e l e v i s i o n  cameras. 
( 4 )  Provide an  i n e r t  i n s i d e  surEace f i n i s h .  
(5) Provide a one year  opera t ing  l i f e t i m e .  
-- Pressure  s h e l l .  - The gene ra l  arrangernent of the  Laboratory Tes t  Model 
pressure  s h e l l  i s  shown i n  f i g u r e  1 7 .  The b a s i c  s h e l l  c o n s i s t s  of 0.25 inch 
t h i c k  6061T6 aluminun p l a t e  100% p e n e t r a t i o n  welded toge the r  t o  forin a 94.5 
inch long by 74 inch high by 76 inch wide r ec t angu la r  box, Located on each 
end of the bas i c  box i s  a 17.5 inch  long by 67 inch h igh  by 34 inch  wide 
feeder  cover ,  Both feeder  covers  are cons t ruc t ed  i n  the  same manner as is t hc  
b a s i c  s h e l l .  However, the  covers  a r e  b o l t e d  t o  the  b a s i c  s h e l l  u s ing  Viton 
gaske ts  f o r  an a i r t i g h t  seal .  
c e n t e r s  around the  ou t s ide  s h e l l  s u r f a c e s  t o  form t ens ion  hoops. The b a s i c  
s h e l l  i s  designed f o r  a maximum pressure  d i f f e r e n t i a l  of 5.0 p s i g  assuming t h a t  
the atmosphere pressure  i n s i d e  the  s h e l l  i s  h e l d  a t  a cons t an t  17.0 p s i a  and 
atmospheric pressure  could drop as low as  12.0 ps ia .  
d i f f e r e n t i a l ,  t he  leakage ra te  w i l l  no t  exceed 0.2 pounds pe r  day, and d e f l e c t o r  
of any po r t ion  of t he  l a r g e s t  s i n g l e  f l a t  pane l  w i l l  no t  exceed 0.1 inch. 
Four inch  T s e c t i o n s  are welded on t e n  inch  
A t  t h e  maximum p r e s s u r e :  
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Addit ional  f e a t u r e s  of  the  b a s i c  s h e l l  are two cu tou t s  on the  top  face t h a t  
exactly match the  recovery capsule  f l ange  p a t t e r n s  and a completely removable 
s i d e  face. Entry i n t o  the  l i f e  ce l l s  w i l l  be poss ib l e  through t h e  recovery 
capsule  cu tou t s  whi le  t he  complete l i f e  c e l l  assembly can be i n s t a l l e d  and 
removed through the  open face.  F i n a l l y ,  a l l  l i q u i d  and gas  l i n e s  and electrical  
conductors i n t o  t h e  l i f e  cel ls  are routed  through t h e  p re s su re  s h e l l  wal l  us ing  
a i r  t i g h t  connectors.  
atmosphere t o  and from the  four  Environmental Control  System fans.  I s o l a t i n g  
b u t t e r f l y  valves are provided i n  the  manifolds  a t  each end of t he  f an  assemblies  
thereby making i t  poss ib l e  t o  remove and r ep lace  these  f a n s  while  t he  t e s t  is 
i n  progress.  I n  o rde r  t o  prevent  atmospheric contamination, a l l  i n t e r n a l  
sur faces  of  t h e  pressure  s h e l l  w i l l  be hard anodized. 
This  a l s o  inc ludes  the  duc t ing  c a r r y i n g  b rea th ing  
Supporting s t r u c t u r e .  - The Laboratory T e s t  Model support ing s t r u c t u r e  
c o n s i s t s  of a welded s t e e l  assembly of f i v e  inch H s e c t i o n  j u n i o r  beams. 
The beams are spaced on 24 inch c e n t e r s  t o  f o r n  a g r i d  which suppor ts  t he  
f l o o r  of the  pressure  s h e l l .  The g r i d  i t s e l f  i s  supported 18 inches o f f  
the  f l o o r  of the  l abora to ry  f a c i l i t y  using four  beam legs .  This  a l lows 
access  t o  the  bottom Df the pressure  s h e l l  through the  suppor t ing  s t r u c t u r e  
g r i d .  The e n t i r e  s t r u c t u r e ,  inc luding  the  e x t e r i o r  su r face  of the pressure  
s h e l l ,  w i l l  b e  painted wi th  a r u s t  i n h i b i t i n g  p a i n t  capable  of providinn 
p ro tec t ion  f o r  a minimum of t h r e e  years .  F igure  18 d e p i c t s  t h e  support ing 
s t r u c t u r e  wi th  t h e  pressure  s h e l l  mounted on top .  
-- St ruc tu re  and mechani .a l  e i m i n x  equipment -- l i s t .  - Table 15 l i s t s  
t h e  equipment comprising the  Laboratory T e s t  Model S t r u c t u r e  and Mechanical 
Subsystem. 
TABLE 15. - STRUCTURE AYD XECHANICAL 
PRELIMINARY EQUIPMENT LIST 
I tem No. Descr ip t ion  
~~ ~ ~ 
Pressure  s h e l l  
Viton gaske t  f o r  
pressure  s h e l l  f ace  
Pressure  s h e l l  
removable pane 1 
Shelf  f o r  condenser 
Shelf  f o r  gas  
ana lyzers  
h 3 l e  bracke t  t o  
hold l i f e  c e l l  
Feeder removable 
cover  
Suggested 
Manufacturer 
~ 
NSL 
NSL 
NSL 
NSL 
NSL 
NSL 
NSL 
Pa r t '  No. 
Quant i ty  per 
mode 1 
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TABLE 15. - (concluded) 
I t e m  No. 
8 
9 
10 
11 
12 
Descr ip t ion  
Feeder cover  v i t o n  
gaske t  
.T. V.  camera 
b racke t  
E l e c t r o n i c s  c o n t r o l  
box 
2" f a n  i s o l a t i n g  
b u t t e r f l y  valves 
4" f a n  i s o l a t i n g  
b u t t e r f l y  valves 
Suggested 
Manufacturer 
NSL 
NS L 
NSL 
P a r t  No. 
Q u a n t i t y  pe r  
mode 1 
2 
2 
2 
In s t rumen ta t ion  
The Laboratory T e s t  Model Ins t rumen ta t ion  Subsystem c o n s i s t s  of two 
t e l e v i s i o n  cameras and r eco rde r s ,  two a c t i v i t y  coun te r s ,  two b i o t e l e n e t r y  
rece iv ing  systems, two mass/volu.ne measurement dev ices ,  miscellaneous p r i -  
mate and engineer ing  senso r s ,  s t r i p  c h a r t ,  event ,  and ternperature r eco rde r s ,  
and miscellaneaus suppor t  equipment requi red  t o  main ta in  t h e  in s t rumen ta t iod  
e l e c t r o n i c s  . 
Ins t rumenta t ion  requirements and c o n s t r a i n t s .  - I n  gene ra l ,  t h e  i n s t r u -  
---I-- 
mentation w i l l  sense  a l l  parameters necessary  t o  eva lua te  t h e  l i f e  suppor t  
equipment performance dur ing  t h e  l a b o r a t o r y  tes t  phase i n  o r d e r  t o  p r e d i c t  
performance f o r  one year  i n  space. 
and o t h e r  means i s  a l s o  a prime requirernent. 
Monitorin2 of t he  primates by t e l e v i s i o n  
A l l  equipment w i l l  be capable  
of unattended o p e r a t i o n  f o r  up t o  24 hours f o r  a per iod  
occas iona l  replacement 
Television. - Each 
t e l e v i s i o n  camera. I n  
t i o n a l  viewports s h a l l  
----- 
(1) A commercially 
250 l i n e s  per  frame. 
of expendables. 
l i f e  c e l l  s h a l l  be  provided w i t h  
a d d i t i o n  t o  t h e  viewport f o r  t h e  
be  provided f o r  obse rva t ions  and 
of one year except f o r  
an e x t e r n a l l y  n m n t e d  
camera, two addi -  
p i c t u r e  tak ing .  
a v a i l a b l e  camera s h a l l  provide 10 frames/seconds a t  
(2) The canera  s h a l l  view t h e  l i f e  c e l l  through g l a s s  s u i t a b l e  f o r  
photographic work. 
(3) The camera and i t s  viewport s h a l l  be thoroughly sh ie lded  f r o n  lab-  
o r a t o r y  l i g h t ,  bo th  t o  prevent r e f l e c t i o n s  in to  the  t e l e v i s i o n  and t o  pre-  
vent  t h e  animal viewing the  labora tory .  
( 4 )  The camera s h a l l  be e a s i l y  moved o r  removed t o  f a c i l i t a t e  d i r e c t  
viewing. 
(5) The t e l ev i s ion ' images  may be se l ec t ed  and viewed i n  r e a l  t i m e  on a 
video monitor and/or  recorded on a v ideo  recorder .  
( 6 )  The t e l e v i s i o n  s h a l l  be  aimed a t  the pa in t  where the  an imal ' s  head 
w i l l  be  when i t  i s  opera t ing  the  panel.  
an 80' wide ang le  l ens  and a 10' narrow angle l ens  f o r  proper  viewing of t he  
animal. 
The camera s h a l l  be equipped with 
(7 )  A viewport s h a l l  be placed i n  the  c e i l i n g  and one i n  the  Waste Unit .  
The pDrt i n  t h e  Waste Unit s h a l l  be  sh ie lded  by an awning aga ins t  a s t r a i g h t  
strean of u r ine .  
(8) The viewports  s h a l l  be of a g l a s s  s u i t a b l e  f o r  photographic work 
and s h a l l  be two inzhes i n  d i a n e t e r  and in se r t ed  i n t o  a threaded metal  r i ng  
t h a t  would be screwed i n t o  the wal l .  T h i s  f a c i l i t a t e s  removal f o r  c l ean ing ,  
(9) P rov i s ions  s h a l l  be made f o r  making magnetic tape recording of the  
t e l e v i s i o n  p i c  t u r e s ,  
(10) The t e l e v i s i o n  p i c t u r e s  s h a l l  comply wi th  the following requirements:  
(a)  The l i g h t i n g  system s h a l l  fu rn i sh  25 foot -candles  of i l l umi -  
n a t i o n  f o r  14 hours. 
(b) The l i g h t i n g  system s h a l l  fu rn i sh  0.1 foo t  candle  of i l l umi -  
n a t i o n  f o r  t he  remaining 10 hours per  day, 
(c) The photoperiod of 14 hours on and 10 hours  of f  s h a l l  be 
changed t o  24 hours on upon command. 
(d) The t e l e v i s i o n  camera s h a l l  provide 250 l i n e ,  10 f rane  per  
second d i sp lays .  
(11) Te lev i s ion  p i c t u r e s  s h a l l  provide 8 shades of gray.  
Audio. - A microphone s h a l l  be provided f o r  each animal cage t o  monitor 
t h e  v o c a l i z a t i o n  of t he  animal and t h e  background no i se  i n  the  cage, 
P rov i s ions  s h a l l  be made t o  record t h i s  no ise  when t e l e v i s i o n  p i c t u r e s  
' a r e  being taken. Provis ions  s h a l l  b e  made t o  connect t he  microphone 
output  t o  a speaker  on the  co;nnand and c o n t r o l  console.  Provis ions  
s h a l l  be made t o  de t e rn ine  t h e  amount of g a i n  con t r ibu ted  by the  a n p l i -  
f i e r  between the  microphone and the speaker o r  t e l e v i s i o n  recorder .  
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Cal ib ra t ion  c h a r t s  f o r  the audio s y s t e m  and equipment s h a l l  be provided 
so t h a t  t he  noise  l e v e l  i n  db can  be determined. The frequency range 
of i n t e r e s t  i s  20 t o  20,000 Hz wi th  l i n e a r  response from 50 t o  
12,000 Hz acceptab le .  
Act iv i ty  instrument.  - The t h r e e  b io te lemet ry  r e c e i v e r s  s h a l l  be routed 
t o  s t r i p  c h a r t  recorders  as i n d i c a t o r s  of a c t i v i t y .  
J3 i o t e  le- t rv  r:ec e ive  rS. - Each l i f e  c e l l  s h a l l  be equipped wi th  t h r e e  
rece iver  systems t o  rece ive  d a t a  t r a n s n i t t e d  by te lemet ry  t r a n s m i t t e r s  i m -  
planted i n  the  animal. The c h a r a c t e r i s t i c s  of the  t r a n s m i t t a l  s i g n a l  w i l l  
be def ined when the  b io te lemet ry  implants are s e l e c t e d .  
The b io te lemet ry  r ece ive r s  s h a l l  be designed t o  receive and demodulate 
the  t ransmi t ted  da ta .  
The antenna system s h a l l  be t h r e e  F e r r i t e  antennas or thogonal ly  mounted 
i n  the  L i f e  C e l l  and pro tec ted  by ceramic covers .  
The r e c e i v e r s  s h a l l  be of t he  superheterodyne type equipped wi th  de- 
modulated s i g n a l  and AGC o-itputs.  The AGC and s i g n a l  ou tputs  s h a l l  be aa- 
p l i f i e d  t o  provide d r iv ing  s i g n a l s  f o r  AGC recorders  and t o  d r i v e  the  s t rong  
s i g n a l  s e l e c t  box. 
The s t rong- s igna l - se l ec t  box s h a l l  u s e  t he  AGC vol tage  from Lhe t h r e e  
rece ivers  t o  s e l e c t  t he  most s t rong ly  received s i g n a l  f o r  use as the  d a t a  
s igna l .  
The an imal ' s  h e a r t  r a t e  i s  257 + 31 bps  wi th  a range of 160 to '  333 bpm. 
Temperature i s  i n  the  range of 95 t o  105'F. 
(1) Electrocardiograph s h a l l  be monitored f o r  f i v e  minute per iods  s i x  
times per day. 
(2) The ECG waveform s h a l l  be  reproduced with s u f f i c i e n t  f i d e l i t y  t o  
perinit measureaent of the i n t e r v a l s  and arnplitudes dep ic t ed  by f i g u r e  19 
w i t h i n  0.01 second and 0.1 m i l l i v o l t ,  r e spec t ive ly .  
(3) Temperature r e s o l u t i o n s  s h a l l  be 0.1'C maximum and 10% term accuracy 
s h a l l  be l 0 C  maximum. 
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Sensors.-  Instrument  t ransducers  s h a l l  be furnished t o  provide the  in-  
_1_1 
s t rumenta t ion  i d e n t i f i e d  i n  t a b l e  16, Laboratory T e s t  Model Measuremnts  
Requirements Analysis .  
w i th  the  appropr i a t e  mounting b racke t s ,  feed-through connectors  and s i g n a l  
cond i t ione r  equipment. 
The following t y p e s  of t ransducers  s h a l l  be  provided 
Temperature t ransducers :  Temperature t ransducers  s h a l l  be of the  the r -  
mocouple, chrome1 cons t ruc t ion ,  type wi th  the except ion of measurements where 
s p e c i a l  temperature  d i sp l ays  a r e  required.  The themoconples  s h a l l  be  con- 
nected through appropr i a t e ly  temperature compensates switch boxes t o  a m u l -  
t i p o i n t  r eco rde r  i n  a manner t h a t  provides  one recorded reading of each 
temperature po in t  once o r  more p e r  hour. 
j unc t ions  s h a l l  be  used as c a l i b r a t i o n  points .  
Appropriate thermocouple re ference  
Humidity t ransducers :  Humidity s h a l l  be determined by two methods. Two 
thermocouples s h a l l  be placed i n  the  a i r s t r eam before  t h e  l i f e  c e l l  and two 
a f t e r  t h e  waste u n i t .  One of each of t h e  p a i r s  s h a l l  be encased i n  a f a b r i c  
sack kept  moist  through a wick. These p a i r s  of thermocouples y i e l d  w e t  and 
d ry  bulb temperatures  from which r e l a t i v e  humidity may be determined. I n  
a d d i t i o n  t o  t h e  thermocouples, a Perk idElmer  Mass Spectrograph s h a l l  d e t e r -  
mine t h e  water vapor content  of t he  a i r  upstream of t h e  l i f e  c e l l .  
Load c e l l s :  The load c e l l s  a r e  used i n  two app l i ca t ions ,  weighing t h e  
animals and weighting the  oxygen and n i t rogen  suppl ies .  A s i n g l e  load c e l l ,  
D i l l o n  S e r i e s  0-15 pounds, c a l i b r a t e d  i n  compression, s h a l l  be used t o  weigh 
the  animal. The load c e l l  s h a l l  be mounted under a box t h a t  i s  r e s t r i c t e d  t o  
v e r t i c a l  motion by f i v e  f l exures ,  
c a l i b r a t e d  i n  t ens ion ,  s h a l l  be used t o  weigh oxygen wi th  an i d e n t i c a l  u n i t  
f o r  weighing n i t rogen .  
A load c e l l ,  D i l lon  S e r i e s  0-30 pounds 
The oxygen and n i t rogen  b o t t l e s  s h a l l  be supported 
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on t h e i r  s i d e s  on a small p la t form,  one s i d e  of t h e  p l a t fo rm s h a l l  be  sup- 
ported on a s t a i n l e s s  s teel  k n i f e  edge and t h e  o t h e r  on tw3 s t a i n l e s s  s t ee l  
sp r ings ,  
t h e  weight of t he  gas  used. 
power and provide i n p u t s  t o  a D i l l o n  Type B Power Supply. 
properly condi t ions  t h e  load c e l l  ou tput  and supp l i e s  an inpu t  t o  a d i g i t a l l  
vo 1 tme te r . 
The load c e l l  s h a l l  be  a t t ached  t o  t h e  sp r ing  edge and w i l l  record 
The above t h r e e  load c e l l s  s h a l l  be furn ished  
This  device  
Flowmeters: Eight t u r b i n e  flowmeters s h a l l  be  i n s t a l l e d  i n  t h e  Labora- 
t o r y  Test Model t o  monitor t h e  va r ious  branches of t h e  a i r  c i r c u l a t i o n  system. 
Two capable of measuring rates of 1,400 pounds per hour s h a l l  be i n s t a l l e d  
a t  t he  o u t l e t  of t he  Waste Unit. One, measuring r a t e s  of 2,800 pounds pe r  
hour, s h a l l  be  i n s t a l l e d  a f t e r  t h e  main c i r c u l a t i o n  fans.  
measuring 10 pounds p e r  hour s h a l l  be  i n s t a l l e d  a t  the  i n l e t s  t o  t h e  l i t h i u m  
hydroxide bed, t he  condenser and t h e  hea t  exchanger. Two small u n i t s ,  mea- 
s u r i n g  0.5 pounds pe r  hour s h a l l  be  i n s t a l l e d  a t  t h e  f e e d e r  vacuum c leane r s .  
Smaller u n i t s ,  
Figure 20 i l l u s t r a t e s  t h e  in t e rconnec t ion  of t he  flowmeters. Each flow 
meter feeds an  ampl i f i e r .  One of t he  e i g h t  flow meters may b e  chosen f o r  
monitoring on t h e  counter .  The coun te r  ou tput  i s  fed t o  a p r e s e t  comparator 
t h a t  a c t i v a t e s  an  out  of l i m i t s  alarm, as requi red ,  
Manual 
Turbine flow meter 
(typica 1 )  -
Signal select 
amplifier switch 
Counter 
H P52 1 4L 
- 0  1 
-0 0 To out of limits alarm 
Preset comparator 
DY-2539A 
56 
Figure 20.- Engineering instruments 
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Mass spectrometer :  A Perkin/Elmer Mass Spoctrometer (GFE) s h a l l  be 
u t i l i z e d  t o  determine the  p a r t i a l  pressure  of oxygen, n i t rogen ,  carbon d ioxide  
and the  water con ten t  of t he  a i r  en te r ing  t h e  l i f e  c e l l .  A similar spec t ro -  
meter s h a l l  be  included t o  s3asure  t h e  m x h  saal ler  q u a n t i t i e s  of hydrogen 
su lphide ,  amnonia o r  o t h e r  t r a c e  contaminants. A Perkin/Elmer vacuun pump 
w i l l  provide the  necessary vacuum f o r  the  mass spectrometer.  
p re s su re  t ransduzers :  Pressure  t ransducers  s h a l l  be provided t o  measure 
the  d i f f e r e n c e  i n  pressure  across  the  main fans and ac ross  the  contaminant 
fans .  This  information determines when t o  switch t o  a replacement fan.  
A p re s su re  t ransducer ,  s h a l l  measure the l i f e  c e l l  t o t a l  p ressure  t h a t  
should be 17.0 _C 0.2 ps i a .  
A d i f f e r e n t i a l  p ressure  t ransducer  s h a l l  be i n s t a l l e d  i n  the  h e a t  ex- 
changer i n l e t  t o  o u t l e t .  
An ion  gage, s h a l l  be furnished t o  determine the  degree of vacuum i n  the  
Perk in  Elmer Mass Spectrograph, 
Event s enso r s  s h a l l  be switches,  relay c o n t a c t s  and vo l t ages  picked off  
r e s i s t o r s  i n  series wi th  motors and l i g h t s .  These events  a r e  recorded along 
wi th  a time marker. 
Support instrumentat ion.  - The support  instruinentat ion s h a l l  c o n s i s t  of 
a d i g i t a l  vo l tmeter ,  a counter  and a d i g i t a l  comparator mounted i n  the  con- 
t r o l  console .  A u x i l l i a r y  tes t  equipment s h a l l  c o n s i s t  of a Tekt ronics  
Osc i l loscope ,  Type 530, and a T r i p l e t t  volt-ohmmeter.  
------ 
The d i g i t a l  vol tmeter ,  Hewlett-Packard 3430A, s h a l l  be u t i l i z e d  t o  read 
dc vo l t ages  and t’nz ou tputs  of the  load c e l l  readout device.  The d i g i t a l  
comparator, Hewlett-Packard HP2539A is  prese t  t o  upper and lower l i m i t s  and 
compares t h e s e  t o  an incosing s i g n a l ,  such as a f lovmeter  ou tput ,  and s i g n a l s  
an out  of l i m i t s  condi t ion.  
5214L, s h a l l  be u t i l i z e d  t o  measure t i m e  i n t e r v a l s  and flowmeter ou tputs .  
The d i g i t a l  counter,  Hewlett-Packard HP 
Recorders:  Severa l  types of recorders  s 5 a l l  be provided as s p e c i f i e d  
below: 
The e i g h t  ou tputs  from the  two gas  analyzers  s h a l l  be condi t ioned and 
recorded on an e i g h t  channel s t r i p  c h a r t  recorder ,  Sanborn 7700.  Recording 
s h a l l  be cont inuous a t  slow c h a r t  speeds. 
A 30-channel event  recorder ,  Brash RE 330310 o r  a Sanborn 3 6 0 ,  s h a l l  be 
u t i l i z e d .  Contact  c losu res ,  dc and ac vol tages  a r e  condi t ioned and recorded 
cont inuous ly  a t  a slow c h a r t  speed. A t i m e  marker i s  a l s o  recorded. 
VOL IV 57 
A 24 poin t  recorder ,  Honeydell E lec t ron ic  15, s h a l l  be u t i l i z e d  t o  record 
var ious  therinocouple outputs .  The  recorder  s h a l l  be s e t  t o  p r i n t  ou t  one 
po in t  every 24 seconds and s h a l l  scan a l l  po in t s  every 30 n inu te s .  
A Sony CVC-100 vidicon camera s h a l l  be nounted e x t e r n a l  t o  each l i f e  c e l l  
and s h a l l  view the  l i f e  c e l l  through a v i e w  p o r t ,  A Sony PVJ-3049 video mon- 
i t o r  may be manually switched t o  monitor t he  a c t i v i t i e s  of e i t h e r  animal and, 
a s  required,  the  camera output  may be recorded f o r  f u t u r e  playback on the  
monitor. 
Ca l ib ra t ed  microphones i n  each L i f e  C e l l  s h a l l  be manually s l e c t e d  f o r  
p re sen ta t ion  on loudspeaker,  an osc i l l o scope  o r  a recorder .  An audio amp- 
l i f i e r  and volume c o n t r o l  s h a l l  be included.  The microphone output  s h a l l  be 
measured by a broadband r m s  sound l e v e l  meter t o  determine the  no i se  l e v e l  
w i t h i n  the  l i f e  ce l l .  
Both t h e  video and audio information s h a l l  be recorded on a Sony EV-200 
Video Recorder. 
Mass/volume neasurement device :  Th? Mass/Volune Measurement Device s h a l l  
be supported on a load c e l l  and t h e  Mass/Volume Neasurement Device s h a l l  be  
cons t ra ined  t o  v e r t i c a l  motion by f i v e  f l e x u r e s  a t tached  t o  t h e  device  t o  
e l imina te  r o t a t i o n  and sway. The Mass/Volume Measuresent Device s h a l l  provide 
mass measurements four  times a day. A door s h a l l  s epa ra t e  the  device  and the  
l i f e  c e l l  and i t  s h a l l  remain c losed  except  f o r  measurement. When the  pr imate  
e n t e r s  the device,  the  door s h a l l  c l o s e ,  a reading s h a l l  be  taken,  and then  
the  door s h a l l  be opened, r e l e a s i n g  t h e  pr imate ,  and c losed  upon i t s  depar ture .  
The Mass/Volune Measurement Device dimensions s h a l l  be 14 by 16 by 14 inches.  
Instrumentat ion d e s c r i p t i o n  and performance. - A b lock  d i ag ran  of t h e  
-I_- 
bas i c  ins t rumenta t ion  approach i s  g iven  i n  f i g u r e  21. 
Televis ion:  
Standard comnercial  equipment w i l l  be modified t o  provide Apallo q u a l i t y  
t e l e v i s i o n  p i c t u r e s ,  
23. Locations and d e t a i l s  of t h e  t e l e v i s i o n  view-port  des ign  a r e  g iven  i n  
f i g u r e  2 4 .  
The t e l e v i s i o n  monitoring approach is g iven  i n  f i g u r e  22. 
Pr imate  voice  w i l l  a l s o  be monitored as shown i n  f i g u r e  
A c t i v i t y  counter :  The a c t i v i t y  coun te r  w i l l  c o n s i s t  of monitoring the  
b io te lemet ry  receiver AGC output ,  shown i n  f i g u r e  25, on a s t r i p - c h a r t  re- 
corder .  
Biotelemetry receiver: The b io t e l eme t ry  rece iv ing  approach is  shown i n  
f i g u r e  25. 
Sensors:  A d e t a i l e d  l i s t  of d a t a  p o i n t s  t o  be sensed i s  g iven  i n  t a b l e  
16. 
approaches f o r  monitoring temperatures,  gas  flow, gas  c o n s t i t u e n t s ,  and even t s  
are g iven  i n  f i g u r e s  21, 26, 27 and 28 r e spec t ive ly .  
A t ransducer  w i l l  be provided t o  sense  each of t hese  parameters.  The 
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Support ins t ruments :  The support  instruments inc luding  osc i l l o scopes ,  
volt-ohm-meters, coun te r s ,  s h a l l  be  provided a s  a p a r t  of t h e  Laboratory Tes t  
Model. This equipmint w i l l  be  used f o r  t rouble  shooting and t o  monitor the  
p e r f o n a n c e  of equipments not  l i s t e d  i n  the Measureinents Requirements L i s t .  
The approach t o  monitoring primate mass is i l l u s t r a t e d  i n  f i g u r e  2 9 .  
I n s t r u m i n t a t i o n  pre l iminary  equipment l i s t .  - A pre l iminary  l i s t  of i n -  
----_I_ 
s t rumenta t ion  equipment i s  g iven  i n  t a b l e  1 7 .  
M/VMD 
Di I Ion 
load cells 
A1 5-5033E-R-C 
Dillon 
readout device 
type B 
Figure 29.-Mass/volume measurement device 
Command and Control Subsystem 
The Command and Cont ro l  Subsystem funct ion  encompasses c o n t r o l s ,  sequencing, 
d i s p l a y s ,  power c o n t r o l  and d i s t r i b u t i o n ,  and cabl ing .  The primary func t ion  
of t h i s  subsystem i s  t o  e l e c t r i c a l l y  i n t e g r a t e  the  d ive r se  elements r equ i r ed  
t o  e x e r c i s e  c o n t r o l  over t h e  Laboratory Test Model and t o  provide t h e  d i s p l a y s  
necessary  t o  implement t h e  c o n t r o l  function. 
Command and c o n t r o l  subsystem requ.irements and c o n s t r a i n t s .  - The Command 
and Cont ro l  Subsystem is  r equ i r ed  t o  implement the  following requirements:  
(1) Provide a c e n t r a l  c o n t r o l  console f o r  housing e l e c t r o n i c  equipment 
and d i s p l a y s  and t o  Serve as t h e  ope ra t iona l  c o n t r o l  c e n t e r .  
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T B L E  17 .  - INSTRUMENTATION PRELIMINARY 
EQUIPMENT LIST 
Descr ip t ion  
~ 
Televis ion  
c arne r a  
Nic rophone 
Bio t e l e s e  t r y  
antenilas 
Biotelemetry 
r e c e i v e r s  
Biotelemetry 
amp li f i e r  s 
B i o  t e 1 erne t r y  
s e l e c t o r  box 
Transducers 
Dig i t a  1 
vo 1 tme t e r 
D i g i t  a1 
counter  
D i g i t a l  
c omp a ra t o r 
Osc i l loscope  
Volt-ohin meter 
S t r i p  c h a r t  
r ec  o rde r  
Event  recorder  
Recorder 
Mass/voluLni 
measurement 
A c t i v i t y  moniter 
Sugg e s t ed 
Manu f ac t u r e  r 
S ony 
Nor t hrop 
North rop 
Nor throp 
No r t hrop 
Refer  t o  
t a b l e  16 
H e w l e  t t 
Packard 
H e w l e t t  
Paz kard 
H e w l e t t  
Pac kard 
Tekt ronics  
T r i p l e t  t 
Sa nb o r n  
Brash 
Honeywe 11 
Northrop 
Nor t h ro  p 
P a r t  No. 
cvc - 100 
(Modified) 
HP 3430A 
HP 5214L 
HP 25396 
7700 
RE 330310 
EL 15 
- 
Quant i ty  pe r  
LTM 
2 
2 
6 
6 
6 
2 
124 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
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(2) Provide f o r  automatic sequencing and t iming of the  test  model sub- 
systems; t h i s  i s  t o  include:  cyc l ing  of t he  l i f e  c e l l  l i g h t i n g  and sequencing 
t o  p e r i o d i c a l l y  record d a t a ;  i n t e r f a c i n g  wi th  the labora tory  suppl ied  computer. 
(3) Provide manual c o n t r o l s  t o  ove r r ide  the automatic  c o n t r o l s  and 
sequencing a s  w e l l  a s  t o  d i r e c t l y  c o n t r o l  equipment, 
( 4 )  Provide d i s p l a y s  of va r ious  monitored func t ions  t o  the  opera tor .  
These s h a l l  include w e t  and dry bulb temperatures i n s i d e  t h e  l i f e  ce l l s ,  a i r  
power parameter. 
I flow r a t e  ou t  of l i f e  c e l l s ,  primate temperatures,  oxygen p a r t i a l  p re s su re , and  
I 
( 5 )  Provide necessary power, power cont ro ls ,  and c i r c u i t  p r o t e c t i o n  f o r  
120/208 v,60 Hz and 28 vdc power. 
(6) Provide a l l  in te rconnec t ing  wi r ing  both e x t e r n a l l y  and i n t e r n a l l y  t o  
t h e  Laboratory Test Model and t o  minimize EM1 and e l e c t r i c a l  i n t e r a c t i o n s .  
Command and c o n t r o l  subsystem descr ipt ion.  and performance. - The mechani- 
z a t i o n  of t he  Command and Cont ro l  Subsystem is represented  by f i g u r e  30. 
Standard commercial racks  are used. The display equipment i s  mounted i n  the  
racks  which a l s o  con ta in  the  patchboard,  manual  c o n t r o l  and power c o n t r o l  
equipment and recorders .  The c o n t r o l  console a l s o  se rves  a s  the  l o c a t i o n  f o r  
a l l  audio and v i s u a l  alarms. V e n t i l a t i o n  of t he  rack  equipment i s  provided by 
an i n t e g r a l  blower f o r  a i r  c i r c u l a t i o n .  
Program sequencer:  The sequencing and switching func t ions  f o r  o t h e r  than 
t h e  behaviora l  panel  a r e  performed by t h i s  un i t .  It o r i g i n a t e s  t i m e  sequenced 
s i g n a l s  by means of e l e c t r i c  timers f o r  per iodic  cyc l ing  opera t ions .  Combin- 
a t i o n s  of r e l a y s  and s o l i d  s ta te  switching are used t o  accept  command s i g n a l s  
d i r e c t l y  from the  c o n t r o l  console  o r  from the labora tory .  S igna ls  i n  t u r n  a r e  
provided f o r  c o n t r o l  of t he  model equipments. S igna l  levels from 5 t o  28 vdc 
w i l l  be accepted wi th  output  s i g n a l s  i n  the same range. Power switching com- 
ponents and c i r c u i t r y  a r e  segregated and i so l a t ed  on the  c h a s s i s  t o  minimize 
e l e c t r i c a l  i n t e r a c t i o n  wi th  the  s i g n a l  c i r c u i t s .  The c h a s s i s  design provides  
f o r  convect ion cool ing  and i n s t a l l a t i o n  i n  a s tandard  commercial rack.  
Manual c o n t r o l s :  The Manual Cont ro l  U n i t  c o n s i s t s  of a l l  t he  manual 
e l e c t r i c a l  c o n t r o l s  contained on the con t ro l  console  mounted on a panel  which 
i n  t u r n  i s  rack  mounted i n  the  console.  It con ta ins  the  switches and appro- 
p r i a t e  i n d i c a t o r s  f o r  c o n t r o l l i n g  the  Laboratory Test Model equipment d i r e c t l y  
o r  remotely. 
contained i n  the  Manual Cont ro l  Unit .  I n  a d d i t i o n  t o  t h e  c o n t r o l s  found i n  t h e  
console ,  d i r e c t  manual ove r r ides  of t he  mass measurement device ,  recovery cap- 
s u l e  doors ,  and l i f e  c e l l  m ~ v i n g  w a l l  a r e  provided. 
Overr ide c o n t r o l s  f o r  automatic o r  sequenced func t ions  are a l s o  
Display panel:  The d i s p l a y  panel which i s  a l s o  loca ted  i n  the  c o n t r o l  
console  r ack  con ta ins  a l l  t h e  v i s u a l  and audib le  i n d i c a t o r s  of mmi to r ing ,  
measuring and observing f o r  the  t e s t i n g  with the  except ion of some recorder  
d i sp lays .  The d i s p l a y s  c o n s i s t  of audio and v i s u a l  types.  
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The ranges of t he  power monitoring meters w i l l  be 0 - 50 vdc, 0 - 50 amperes 
dc  and 0 - 250 v, 60 Hz, 0 - 20 amperes 60 Hz c o m e r c i a l  type,  5% accuracy panel  
mounting meters. Meters w i l l  a l s o  be used as p o s i t i o n  i n d i c a t o r s  f o r  elements 
such as t h e  mass measurement device and recovery capsule  doors and the  l i f e  c e l l  
moving w a l l .  
switch c l o s u r e s  a t  t he  end of travel f o r  opera t ion  of  i n d i c a t o r  l i g h t s .  
d i g i t a l  vo l tme te r  w i l l  a l s o  be used f o r  precise measurements of some of t he  
in s t rumen ta t ion  subsystem vo l t ages  and for c a l i b r a t i o n  purposes;  counters  w i l l  
be used i n  conjunct ion  wi th  the  flow meters  t o  i n d i c a t e  f l u i d  flows. Lights  
w i l l  be used t o  i n d i c a t e  s t a t u s  and t o  provide v i s u a l  alarms. I n  the  l a t t e r  
case, the  l i g h t s  w i l l  be  dr iven  by a switching c i r c u i t  which w i l l  s imultaneously 
cause t h e  i n d i c a t o r  l i g h t s  t o  b l i n k  and t h e  audio alarms t o  sound. Osci l loscope 
d i s p l a y s  w i l l  be a v a i l a b l e  wi th  the  appropr ia te  s e l e c t o r  c i r c u i t s  and swi tches  
These meters w i l l  be of the  0 - 5 vdc r e l a y  type which w i l l  provide 
A 
The v ideo  monitor u n i t  which w i l l  form pa r t  o f  the  c losed  c i r c u i t  TV f o r  
each l i f e  c e l l  w i l l  a l s o  be on the  d i sp lay  panel and w i l l  d i sp l ay  f o r  one l i f e  
ce l l  a t  a t i m e  ' a s  s e l e c t e d .  
Power c o n t r o l  and d i s t r i b u t i o n :  A power c o n t r o l  and d i s t r i b u t i o n  u n i t  
which c o n s i s t s  of  two panels  i s  used i n  conjunct ion wi th  the  d i s p l a y s  a s  a 
pane l  mounted c e n t e r  f o r  c o n t r o l  and c i r c u i t  p r o t e c t i o n  f o r  a l l  e lec t r ic  power 
used by the  Laboratory Tes t  Model. Manual switching of 28 vdc and 120/208 v ,  
60 Hz power is  accomplished by t h i s  u n i t .  Where l e v e l s  of power a r e  too  h igh  
t o  be switched d i r e c t l y  through the  switch,  t he  l a t t e r  a c t s  a s  a c o n t r o l  f o r  a 
power swi tch ing  r e l a y  loca ted  remotely. Ind iv idua l  c i r c u i t  c o n t r o l s  f o r  a l l  
major Laboratory T e s t  Model c i r c u i t s  are provided. Manually r e s e t t a b l e  c i r c u i t  
b reakers  f o r  each of t hese  c i r c u i t s  a r e  a l so  provided; busses  feeding  from 
these  main c i r c u i t s  a r e  pro tec ted  by fused l i n e s  going d i r e c t l y  t o  the  ind iv id -  
u a l  i t e m s  of equipment. The coord ina t ion  of b reakers  and fuses  i s  such as t o  
preclude a complete shutdown due t o  f a i l u r e s  i n  ind iv idua l  c i r c u i t r y .  
c i r c u i t  b reake r s  a r e  s e l e c t e d  t o  provide d i s t r i b u t i o n  system p ro tec t ion  whi le  
t h e  fus ing  loca ted  c l o s e r  t o  the  equipment i t s e l f  w i l l  provide equipment 
p r o t e c t i o n .  
po in t  ground system f o r  t he  28 vdc which i s  t h e  b a s i c  power f o r  t h e  s p a c e c r a f t  
equipment. This  w i l l  serve t o  provide a proper match t o  t h i s  l a t t e r  equipment 
a s  it is  used i n  the  Laboratory Test Model and i n  addi t ion ,  w i l l  a i d  i n  mini- 
mizing EM1 and electrical  i n t e r a c t i p s  which are fos t e red  by mul t ip l e  ground 
The 
The d i s t r i b u t i o n  of power w i l l  be  by means of a two wire s i n g l e  
loops.  
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Cabling: The cab l ing  which w i l l  se rve  t o  e l e c t r i c a l l y  in te rconnec t  t he  
var ious  elements of the  Laboratory Test Model suppor t ing  and monitor ing equip-  
ments w i l l  c o n s i s t  e s s e n t i a l l y  of two types of w i r e .  
commercial grade wire. 
MIL-W-16878D and 
The MIL-W-16878D wire  w i l l  be used f o r  a l l  w i r ing  i n t e r n a l  t o  the  Laboratory 
T e s t  Model while  the commercial grade wir ing  w i l l  be used f o r  e x t e r n a l  c i r c u i t r y .  
This  approach i s  d e s i r a b l e  because i t  permits  exposure of t h e  wir ing  intended 
f o r  the spacec ra f t  t o  a c t u a l  atmospheric and contaminant cond i t ions  a s  w i l l  
probably be found i n  the spacec ra f t  during the  mission. 
eva lua t ion  of the wir ing  i n s u l a t i o n  under such condi t ions  can be made. Since 
t h e  cos t  o f  t h i s  wi r ing  i s  somewhat g r e a t e r  than  the  commercial type,  f o r  
purposes of  economy, it i s  d e s i r e a b l e  t o  use the  l a t t e r  wherever no s i g n i f i c a n t  
b e n e f i t  accrues  from us ing  the  MIL-W-16878D wire .  
Thus, an advanced 
Wiring w i l l  be segregated and routed i n  sepa ra t e  power and s i g n a l  cab le s  
i n  order  t o  minimize EM1 and e l e c t r i c a l  i n t e r a c t i o n s .  A commercial type patch 
panel  w i l l  be used t o  provide f l e x i b i l i t y  i n  making c i r c u i t  connect ions and 
changes a s  des i red .  Shielded wire w i l l  be used i n  s e n s i t i v e  s i g n a l  c i r c u i t s ,  
tw i s t ed  sh ie lded  p a i r s  w i l l  se rve  t o  a t t e n u a t e  outputs  of  no ise  genera t ing  
c i r c u i t s .  
Behavioral  c o n t r o l  i n t e r f a c e  u n i t :  This  equipment p e r m i t s  t he  use of the  
418 Computer and Program Con t ro l l e r ,  both GFE. It a c t s  as an i n t e r f a c e  between 
these  two u n i t s ,  t h e  behaviora l  panel  i n  the  Laboratory Test Model and the 
patch panel i n  the  c o n t r o l  console.  The behaviora l  c o n t r o l  i n t e r f a c e  u n i t  w i l l  
c o n s i s t  e s s e n t i a l l y  of l i n e  d r i v e r s  and te rmina tors  as shown i n  f i g u r e  31 wi th  
a s soc ia t ed  s to rage  and log ic  devices  t o  permit acceptance and condi t ion ing  of 
s i g n a l s  from the  program c o n t r o l l e r ,  418 Computer, and behaviora l  panel .  
Approximately 40 l i n e  d r i v e r s  and te rmina tors  w i l l  be requi red  t o  permit 
f l e x i b i l i t y  i n  the c o n t r o l  and monitoring of  t he  behaviora l  panel  opera t ion .  
Command and c o n t r o l  subsystem prel iminary equipment l i s t .  - Table 18 repre- 
s e n t s  a preliminary e s t ima te  of equipment requirements f o r  the  Command and 
Cont ro l  Subsystem. Only major i t e m s  a r e  noted i n  most cases ,  and where i n f o r -  
mation i s  lacking,  no e n t r y  has  been made. 
OPERATIONAL TESTING 
The t e s t  program w i l l  be conducted a t  t he  Naval Aerospace Medical I n s t i t u t e ,  
NAMI, a t  Pensacola, F l o r i d a  a s  a con t r ac to r  supported e f f o r t  f o r  a twelve- 
month period. 
t he  NAMI P r inc ipa l  Inves t iga to r ,  who w i l l  be supported by the  c o n t r a c t o r  
organiza t ion  under the  cognizance of t he  c o n t r a c t o r  t es t  d i r e c t o r .  The func- 
t i o n a l  r e l a t i o n s h i p  i s  i d e n t i f i e d  i n  f i g u r e  32 .  
It w i l l  be conducted under the  cognizance of the  NASA/LRC and/or  
The t e s t  d i r e c t o r  w i l l  a ssure  the  o rde r ly  progress  of a c t i v i t y  i n  accordance 
wi th  the  t e s t  procedure; provide f o r  necessary maintenance o r  repair  of t he  
model; implement modi f ica t ions  as requi red  by eva lua t ion  of equipment perform- 
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ance o r  t o  support  dev ia t ions  i n  the  primate i n t e r f a c e s  requirements a s  may be 
e s t ab l i shed  by the  P r i n c i p a l  I n v e s t i g a t o r ;  and a s su re  the  e f f e c t i v e  ope ra t ion  
and c a l i b r a t i o n  of  t e s t  instrumentat ion.  The t e s t  d i r e c t o r  w i l l  a r range  f o r  
t he  con t r ac to r  non-resident  cognizant  engineers  t o  t roub le  shoot and advise  on 
t h e  subsystems should any major performance discrepancy a r i s e ;  r e s i d e n t  
personnel w i l l  r e so lve  minor d i sc repanc ie s  t o  a s su re  con t inu i ty  of the  program. 
Test Support Equipment 
The tes t  equipment requi red  t o  support  the  Laboratory Model Test Program 
c o n s i s t s  of t h e  d a t a  a c q u i s i t i o n  system f o r  monitoring, recording,  and ana lyz ing  
the  b i o  log ica  1 , behaviora  1 , environmenta 1 , and engineer ing informat ion. Both 
the  b i o l o g i c a l  and the  behaviora l  d a t a  ou tpu t s  w i l l  be provided a s  0 - 5 v 
analog s i g n a l s  t o  the  GFE da t a  a c q u i s i t i o n  system p resen t ly  i n  use a t  NAMI. 
The da ta  w i l l  then be scanned, d i g i t i z e d ,  and processed by a Univac 418 Computer 
f o r  s torage  and ana lys i s .  
processed by c o n t r a c t o r  furn ished  equipment t o  y i e l d  pr imar i ly  s t r i p  c h a r t  
The environmental  and engineer ing  da ta  w i l l  be 
TABLE 18. - COMMAND AND CONTROL SUBSYSTEM 
PRELIMINARY EQUIPMENT LIST 
I t e m  No, 
1 
2 
3 
4 
5 
6 
7 
a 
9 
10 
Descr ip t ion  
Equipment rack 
T i m e r s  - 24 h r ,  synchronous, 
motor dr iven  
Bio-telemetry s e l e c t i o n  box 
Loud speakers  - 8 inch 
Audio s e l e c t o r  switch - 
3 p o s i t i o n  
Audio volume c o n t r o l  
Gas flow meter p o s i t i o n  
s e l e c t o r  switch,  e i g h t  pos i t i o i  
Patch panel  
Voltmeter - 0-50 VDC 
5% acc. 
Ammeter - 0-50 amps, DC 
5% acc. (with shunt)  
Suggested 
Manufacturer 
Haydon Corp. 
Nor t h r  op 
Univers i ty  
Centra  l ab  
A 1  len-Bradley 
A 1  l en  -Brad le  y 
Vector 
General  E l e c t r i c  
General Electr ic  
' a r t  No. 
146 1 
Q t Y  
3 
4 
2 
1 
1 
2 
1 
1 
1 
1 
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TABLE 18. - (Concluded) 
I t e m  No. 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1  
22 
23 
24 
D e  scr i p  t ion  
Voltmeter - 0-250 V 60 cy 
5% acc. 
Ammeter - 0-20 amps, 60 cy 
5% acc.  
S e l e c t o r  switches,  r o t a r y ,  
4 p o s i t i o n  - amp c o n t a c t s  
Meter - r e l a y  - 0-5 VDC - 1 
amp c o n t a c t s  
Broad band RMS sound 
l e v e l  meter 
Power switches - 28 VM: 
5 amps 
10 amps 
Power switches - 120 v, 60 cy 
5 amps 
10 amps 
B a t t e r y  - 28 VDC, 36 A-H 
Behavioral  c o n t r o l  i n t e r -  
f a c e  u n i t  
C i r c u i t  Bre ake r s 
1 amp - 28 VDC 
5 amp - 28 VDC 
10 amp - 28 VDC 
50 amp - 28 VDC 
5 amp - 115 V - 60 cy 
10 amp - 115 V - 60 cy 
20 amp - 115 V - 60 cy 
Video Monitor 
Video r eco rde r  w i t h  audio 
t r a c k  
Audio a m p l i f i e r  
Power D i s t r i b u t i o n  
Module 
Suggested 
manufacturer 
General Electr ic  
General Electr ic  
Cu t l e r  Hammer 
Mal lo ry  
Nor t h r  op 
C u t l e r  -Hammer 
S ony 
S ony 
EICO 
Square D 
P a r t  No. 
PVJ-3040 
EV-200 
ST -40K 
1 
1 
4 
2 
1 
4 
4 
2 
2 
1 
1 
4 
4 
3 
1 
2 
2 
1 
1 
1 
1 
1 
VOL IV 73 
-l 
74 
Q .- 
f 
0 
0 
.- + -
2 - 
0 
C 
0 
0 
C 
3 
.- + 
Y 
E e 
0 
c s 
.I- - 
0)  
-0 
0 
E 
c s 
? 
.I- 
0 + 
11 
0 
2 
I 
(v 
m 
3 
0) 
E 
i 
VOL IV 
p o i n t s  by t h e  use  of po r t ab le  labora tory  meters. 
cont inuous record ing  of  s e l e c t e d  components as r equ i r ed  f o r  more d e t a i l e d  
a n a l y s i s ,  eva lua t ion ,  o r  t roub le  shoot ing.  
Provis ion  w i l l  exist  f o r  
Test Procedures 
The Laboratory Model Test Procedure w i l l  be prepared by the  c o n t r a c t o r  
The t e s t  procedure w i l l  i d e n t i f y  the  p r i o r  t o  d e l i v e r y  of the  tes t  model. . 
t es t  model t o  the  l e v e l  a t  which measurements w i l l  be made. It w i l l  a l s o  
spec i fy  the  measurements and method of frequency f o r  making the  measurements, 
Measurement requirements t a b l e s  w i l l  be included t o  organize and s impl i fy  the  
logging of da t a .  The tes t  procedure w i l l  be prepared f o r  t he  NASA/LRC review 
and approval  t h r e e  weeks p r i o r  t o  de l ive ry  of the  Laboratory Model. 
t o  t he  t e s t  procedure dur ing  the  a c t u a l  t e s t  ope ra t ions  may become necessary 
due t o  t h e  experimental  na tu re  of some aspec ts  of t he  program; any procedural  
r e v i s i o n s  w i l l  r equ i r e  the  approval  of the NASA/LRC. 
t es t  procedure from completion of manufacture t o  completion of t e s t i n g  is i n  
t h e  fol lowing subsec t ions .  
, 
Revisions 
A prel iminary o v e r a l l  
Pos t  manufacturing tes t  of l i f e  c e l l s ,  - An animal w i l l  be i n s t a l l e d  i n  
each  of  t h e  l i f e  cells  t o  check ou t  mechanical ope ra t ion  of t h e  cage flow, 
recovery capsules ,  e tc .  This  tes t  w i l l  r equi re  approximately one day. 
Post  assembly test  of  l i f e  ce l l s .  - After t h e  l i f e  ce l l s  and Environmental 
Cont ro l  Systems are i n s t a l l e d  i n  the  pressure  s h e l l ,  a s h o r t  func t iona l  t e s t  
w i l l  be conducted t o  a s su re  o v e r a l l  compat ib i l i ty  of subsystem components and 
the  animals.  
Funct iona l  check of labora tory  f a c i l i t y .  - Afte r  t h e  Laboratory Tes t  Model 
i s  shipped t o  the  labora tory  f a c i l i t y ,  a second f u n c t i o n a l  check w i l l  be con- 
ducted t o  check f o r  shipping damage, compa t ib i l i t y  of Laboratory Test Model 
w i th  f a c i l i t y ,  e t c .  Animal need not  be i n s t a l l e d .  
One year tes t .  - Both animals are i n s t a l l e d  and the  one-year t es t  i s  begun. 
Monitoring dur ing  the f i r s t  two weeks w i l l  be in t ens ive .  Af t e r  i t  is  d e t e r -  
mined t h a t  a l l  subsystems and the  animals are func t ioning  properly,  a system 
dynamic range s tudy w i l l  be conducted. 
Environmental Cont ro l  System's a b i l i t y  t o  c o n t r o l  the  animal environment when 
hea t ing  and cool ing  input  from the  Thermal Cont ro l  Subsystem i s  var ied .  
maximum al lowable ranges w i l l  be determined. 
This  w i l l  involve a check of t he  
The 
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format information. The c a p a b i l i t y  w i l l  e x i s t ,  however, f o r  s e l e c t i v e  d a t a  
channels  to  be monitored and processed by the  NAMI Computer f a c i l i t y .  S t r i p  
c h a r t  recordings w i l l  be provided by mul t ipo in t  record ing  potent iometers  f o r  
temperature ?d humidity, and a mult i -channel  o sc i l l og raph  f o r  pressure ,  c u r r e n t ,  
vo l t age  and J j c t i o n  measurements. A d i g i t a l  counter  w i l l  be provided f o r  
pe r iod ica l ly  monitoring atmosphere flow-meter ou tputs ,  and an i n d i c a t i n g  
potent iometer  w i l l  p e r m i t  pe r iod ic  monitor ing of t he  oxygen sensor  output .  
Addit ional  i n d i c a t i n g  equipment which w i l l  be requi red  includes pressure  gages,  
f low ind ica to r s ,  and po r t ab le  ammeters and vol tmeters .  
Test Descr ip t ion  
L i f e  support .  - Measurements w i l l  be made of system a i r  v e l o c i t i e s  i n  the 
va r ious  elements of t he  system duct ing  network t o  v e r i f y  proper flow r a t e  and 
d i s t r i b u t i o n  of t he  gas mixture.  Gas flow w i l l  a l s o  be monitored i n  the  l i n e s  
downstream of the gas supply r e g u l a t o r s  t o  v e r i f y  make-up gas usage. The gas 
s to rage  b o t t l e s  w i l l  be mounted on beam balance s c a l e s  t o  monitor long-term 
mass t r a n s f e r  t o  the  l i f e  ce l l .  In  add i t ion ,  the gas  s to rage  b o t t l e s  w i l l  be 
monitored for  pressure  and temperature a s  a cross-check on gas usage. 
temperature and humidity w i l l  be cont inuously monitored i n  the  l i f e  c e l l  and 
duc t ing  t o  p e r m i t  engineer ing  eva lua t ion  of the  ope ra t ing  c h a r a c t e r i s t i c s  of 
t he  l i f e  support  a i r  condi t ion ing  system. 
l i f e  c e l l  for  absolu te  pressure  de te rmina t ion  and ac ross  each f an  i n  terms of 
pressure  d i f f e r e n t i a l  f o r  eva lua t ion  of f a n  performance. 
w i l l  incorporate  a bank of thermocouples f o r  monitor ing the  temperature p r o f i l e  
i n  the  waste bed. 
f o r  gas flow rate  and humidity t o  determine i f  c logging of t he  waste u n i t  occurs  
and t o  determine w e t  and dry cyc le s  of the  waste mat te r .  
p e r i o d i c a l l y  e x t r a c t e d  from the  system and t r anspor t ed  t o  a chemical labora tory  
f o r  ana lys i s  of t he  gas c o n s t i t u e n t s .  Lithium hydroxide bed core samples  w i l l  
be e x t r a c t e d  p e r i o d i c a l l y  and submitted t o  labora tory  chemical a n a l y s i s  t o  
eva lua te  the composition and condi t ion  of t he  hydroxide bed, Drinking water  
use r a t e  and food p e l l e t  consumption w i l l  be monitored t o  determine the  primate 
consumption r a t e ;  t h i s  d a t a  w i l l  be provided i n  dua l  ou tputs  to permit record-  
ing  concurrent ly  by the  f a c i l i t y  computer network and labora tory  instrument 
recorders .  
A i r  
A i r  p ressure  w i l l  be monitored i n  the  
The waste s to rage  u n i t  
The duc t ing  downstream of the  waste u n i t  w i l l  be monitored 
A i r  samples w i l l  be 
Instrumentat ion.  - Televis ion  monitor ing of t he  p r i m a t e ' s  a c t i v i t y  and cage 
c h a r a c t e r i s t i c s  wi th in  the f i e l d  of  view, w i l l  be recorded by video tape.  
Primate audio outputs  w i l l  be concurren t ly  recorded by video tape  dur ing  i t s  
cyc le  of operat ion and w i l l  be cont inuously monitored by a convent ional  speaker  
w i t h i n  the  laboratory.  Biotelemetry d a t a  t ransmiss ion  from the  primate implants 
w i l l  be received by on-board antenna, processed by commercial type s i g n a l  
cond i t ione r s ,  and t r ansmi t t ed  by hard l i n e  t o  GFE f a c i l i t y  equipment. Provis ion  
w i l l  e x i s t  for  p a r a l l e l  recording by c o n t r a c t o r  furn ished  analog equipment. 
Ac t iv i ty  monitor ou tputs  w i l l  be dua l ly  monitored by the  f a c i l i t y  computer n e t -  
work and the labora tory  event  recorder .  
E l e c t r i c a l  power. - The t o t a l  power consumption of  the  labora tory  model 
system w i l l  be monitored and recorded cont inuously.  
r a t e s  of t he  var ious  system components w i l l  be p e r i o d i c a l l y  sampled a t  j ack  
Ind iv idua l  power demand 
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